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SOME REASONS FOR SUCCESS AND 
FAILURE OF BITUMINOUS MACADAM. 


By F, C, PILLSBURY, Division Engineer, Massachusetts State Highway Commission. 





GLOUCESTER, MASS., SHOWING BANKED CURVE ON STATE ROAD RECONSTRUCTED IN 1917. 


BPR 16696 
THE BINDER WAS ASPHALT. THE 


PHOTOGRAPH WAS TAKEN IN MARCH, 1919. 


ANY miles of very good roads and streets 
have been built of bituminous macadam, 
and, though subjected to more or less 

heavy travel for several years, in many instances 
show little, if any, effect of wear. While they are 
not as permanent as some of the more expensive 
types of paving, they may, when well laid, with the 
better materials, be safely adopted if they are not 
to be subjected to extremely heavy traffic. 

Bituminous macadam possesses the advantages of 
being comparatively simple of construction, low first 
cost, and simplicity in maintenance. There are 
several varieties of this type of pavement, but all 
-are very nearly the same in essentials. In all, 
broken stone is laid, rolled more or less, and the 
voids filled or impregnated with bitumen and the 
surface finally covered with smaller particles of 
mineral and finished off with or without a seal coat. 
These various types may be divided into three 
classes : 

First class: One layer or one course. 

Second class: Two or more layers or courses. 


(3) 


Third class: Bitumen and sand mixed grouts as 
distinct from the bitumen without sand. 

The second and third classes include many differ- 
ent processes and methods, while with the first class 
there is but one method which, with some devia- 
tions, has been found to give really satisfactory re- 
sults. The writer’s experience with penetration 
work has been almost entirely with this class, so 
that it would seem better to confine the remarks to 
the first class, which includes only the bituminous 
surface laid in one course; in other words, when the 
wearing course is formed with one layer of stone 
penetrated with bitumen with or without a seal coat. 
This type is the simplest to specify and lay, and 
presents the least opportunity for difficulties. 


DESCRIPTION OF CONSTRUCTION. 


Its actual construction may be described as 
follows: 

On a suitable foundation is laid a base or bottom 
course of broken stone partially bound like water- 
bound macadam, on which is built or laid the top 
course or bituminous macadam., 
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TAR SAND GROUT, SHOWING ONE-HALF SEALED, THE OTHER HALF WITHOUT THE SEALED COAT, AFTER THE FIRST POURING OF 
SAND AND TAR, AT NATICK, MASS. THIS IS ON A-MAIN ROAD OF FAIRLY HEAVY TRAFFIC, WAS LAID ABOUT 4 YEARS AGO, AND 


IS IN GOOD CONDITION. 


The foundation must, of course, be such that it 
will be suitable at all times of the year. The base 
course must be sufficiently strong to reduce to a 
minimum, or practically prevent, vertical movement 
of the stones in the bituminous macadam, and the 
bituminous macadam itself should be so laid that the 
bitumen will surround all the particles of the stone, 
practically filling the voids and sealing the surface. 


FACTORS OF SUCCESS OR FAILURE. 


The. bituminous macadam to attain this success 
must be laid according to approved methods.  Bi- 
tuminous macadam does not give good results when 
it is not so laid; that is, good results may not be 
expected from bituminous macadam when the mate- 
rials or methods employed are not what they should 
be. There is frequently a complaint of the waviness 
of this type of pavement, but it need not be built 
so as to be wavy; sometimes it becomes rutted: or 
depressions or holes develop, but this can be avoided 
if the work is done properly. 

The causes which lead to failure usually are the fea- 
tures which, if carefully considered and taken care of 
properly, will lead to success, and these causes for suc- 
cess or failure may be divided into four classes or 
subjects: 

First, drainage and foundation. 

Second, construction of the base as distinct from 
the foundation, meaning the bottom course of broken 
stone. 

Third, top or bituminous course. 

Fourth, the workmanship. 


First, drainage and foundation.—It is a com- 
mon error to lay the foundation of large cobblestones 
or broken fragments of rock in climates subject to 
frost action directly on soft clay quicksand or loamy 
soils, because these stones work up and down under 
traffic and frost action, the voids between them 
become filled with the fine earth beneath, and ulti- 
mately, frequently in only a short time—sometimes 
less than the winter season—the mud thus reaches 
right up to the bottom of the macadam. Of course, 
moisture accompanies mud, and there is a very un- 
stable foundation which is more or less constantly 
in motion except when frozen solid or when thor- 
oughly dried out. Finally, the bituminous macadam 
crust separates as it bends under traffic, and as it 
breaks apart in this way moisture from beneath 
works into the cracks or interstices at the bottom 
and from the top. Then destruction, more or less _ 
extensive, is only a question of time. ~ : 

What should have been done is to lay a foundation 
of clean gravel or even clean sand or fine broken 
stone in preference to the large stone fragments, or 
if such stone fragments must be used because there 
is a scarcity of other material, they should be broken 
up much smaller, say, about 3 inches and less. Of 
course, When necessary the ground water should be 
removed with adequate drainage. These results 
obtain whenever the base is laid on material that will 
be affected by moisture or frost sufficiently to cause 
much movement. Moisture working up from be- 
neath always shortens the life of any surface, and, 








strange to say, partly because the bituminous sur- 
face is such a simple one to lay ordinarily, there 
seems to be an idea that it is not worth while to lay 
a proper base and foundation. It is probable that 
more than half the failures are due to this reason. 
Success is impossible unless the foundation is correct. 

Second, construction of the bottom course 
or base.—The bottom course should be of sufficient 
strength to hold up the top course, that is, to support 
it so that it will not rut under traffic and will not be 
affected by any movement of the foundation or soil 
beneath the base. This is essential. The size of 
the stones in the base may vary from 4 to 3 inches 
or even 4 inches, provided there is a reasonable pro- 
portion of the larger with the smaller sizes. It 
would not be good practice to use over 50 per cent 
under 14 inches in size, but would do no harm if 
they were all 3 inches large. Then this bottom 
course must be very carefully spread and rolled so 
as to be uniformly parallel with the finished surface. 
This provides for a uniform thickness of the bitu- 
minous macadam. In the base it is well to partially 
bind it with sand, fine screened gravel, or stone 
screenings, using the steam road roller, and, if neces- 
sary, sprinkling occasionally with water. But this 
bottom course should not be so rolled as to be 
absolutely firm; it is better for it to be slightly loose 
because this looseness will permit the taking up 
of the very slight unevenness unavoidable in spread- 
ing the broken stone of the top course, and thus 


BPR 16693 
BITUMINOUS MACADAM ON THE STATE HIGHWAY IN WAYLAND, MASS., BETWEEN BOSTON AND WORCESTER, ON A 5% PER CENT 
GRADE. HERE THE BITUMEN WAS ASPHALT AND SPRAYED ALL IN ONE APPLICATION, SO THAT THE ROAD DID NOT RECEIVE 
A SEAL COAT, BUT THE STONES WERE LEFT PROJECTING, THUS GIVING A ROUGH SURFACE WHICH WAS NOT SLIPPERY FCR 
HORSES. 


resulting in a smoother surface. In other words, 
this bottom course should not be too rigidly bound, 
as is sometimes done, with the usually accompanying 
result of a slightly uneven finished surface in the 
road. 

Third, the top or bituminous course.—This 
brings us to the bituminous macadam itself, the 
materials of which are the stone and the bitumen. 

The broken stone should not be so soft as to crush 
under the roller so as to fill the voids before the 
bitumen is applied. When this occurs the bitumen 
does not fill the voids, and from such spots slack of 
bitumen there may arise two bad results. There 
may be a wave, due to the surplus of bitumen on 
top because it could not penetrate down into the 
stones, or there may be a breaking up of the surface 
because the stones have nothing to bind them to- 
gether. The best results are obtained when hard 
rocks are used, such as trap rocks. There are many 
localities where it is impossible to get trap rock 
or stone with a coefficient of wear sufficiently high 
to obtain results required. In such cases bituminous 
macadam should not be laid. For ordinary traffic 
such as exists on most of the main through State 
roads bituminous macadam can be laid economically, 
provided broken stone has a coefficient of not less 
than about 15, and provided the bitumen is of suit- 
able quality. The size of the broken stone should 
be 14 to 24 inches or 3 inches, according to the thick- 
ness of the course. A top course 2 inches thick may 





BITUMINOUS MACADAM STATE HIGHWAY IN NORTH ANDOVER, MASS. 
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A 4-INCH BROKEN STONE BASE, 2-INCH BITUMINOUS TOP: 


DOUBLE OIL PENETRATION, THAT IS, ON THE BASE, WHICH WAS PARTIALLY BOUND AND FILLED WITH SAND, 34 OF A GALLON OF 
90 PER CENT HOT OIL WAS SPRAYED, THEN A SUFFICIENT QUANTITY OF 34 TO 14-INCH BROKEN STONE TRAP ROCK, TO ROLL 


DOWN TO 2 INCHES, WAS SPREAD. 
FINAL ROLLING. THE TRAFFIC IS MEDIUM. 


ANOTHER 3GALLON OF OIL WAS APPLIED AND A COVERING OF SAND SPREAD BEFORE THE 
THIS IS ON THE ROAD BETWEEN BOSTON AND HAVERHILL. 


IT WAS LAID IN 1912. 


THE SURFACE IS WAVY AND RUTTING SLIGHTLY, SHOWING THAT THIS OIL IS NOT A VERY STABLE BINDER. 


be obtained with the 24-inch stone, while a 3-inch 
course may be obtained with the larger size. If the 
traffic is very heavy it is better to lay the thicker 
course with the larger stones. 

The quantities of the bitumen for the 2-inch road 
are 1 gallons for the first application and one-half 
gallon for the second, or seal coat, and should be 
very closely followed. For a 3-inch road these 
quantities will be increased about three-fourths 
gallon in the first application, although this depends 
somewhat upon the hardness of the stone and the 
weight of the traffic. If the stone is very hard it 
would be better to use a little more bitumen, as the 
voids will be greater with the harder stone. For 
the same reason, if the traffic is ight, there may be 
a little more bitumen used than when the traffic is 
heavy. The quantity should not vary more than 
one-half gallon per square yard on a 3-inch road 
and one-fourth gallon per square yard on a 2-inch 
road. 

Fourth, workmanship.—The general process of 
laying a bituminous macadam is such a simple one 
in theory that nearly everyone considers it unneces- 
sary to go into the details of construction carefully 
and does not realize the many little things that have 
to be done with the greatest care to get good results. 
This is a matter of good workmanship. Carelessness 
in any respect at any time is sure to lead to imperfect 


results. It may be that specifications are not 
sufficiently complete to cover all these details. 

The work of laying of the top course of the 
bituminous macadam consists of the following opera- 
tions, in the order in which they occur: 

(1) Spreading the large broken stone. 

(2) Rolling of this stone. 

(3) Correction of imperfections in spreading or 
any unevenness developing while rolling. 

(4) The first application of the bitumen. 

(5) The first light spreading of the peastone, 
brooming around of the first spreading of the 


peastone so as to have it absolutely uniformly dis- 


tributed that there may not be an accumulation in 
any depression which may have occurred under the 
distributor or for any other reason, so that there will 
be absolutely just a very thin sprinkling for the 
first spreading over the entire surface to be rolled. 

(6) The second rolling. 

(7) Sweeping off of the surplus peastone, dust, 
etc., 14 preparation for the second application of 
bitumen or seal coat. 

(8) Thesecond application of bitumen or seal coat. 

(9) The final covering of peastone, to be very 
uniform and broomed about after being spread by 
the shovels to insure uniformity in thickness. 

(10) The final or third rolling—and here I should 
state that the second rolling is the most important. 


— = — 
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A ROAD UNDER RECONSTRUCTION WHERE THE SOIL WAS CLAYEY AND THE OLD ROAD BROKE UP BADLY UNDER FROST ACTION, 
NOTICE THE EXCAVATED ROAD BED READY TO RECEIVE A 12-INCH GRAVEL BASE ON WHICH IS PLACED A 6-INCH STONE SURFACE, 


Kach one of these operations in itself is of suffi- 
cient importance to warrant some further mention, 
and they are taken up in detail as follows: 

(1) Spreading the large broken  stone.—Broken 
stone will be brought in either on cars or trucks, and 
if possible should be dumped on dumping boards 
and spread with shovels, or if the stone should con- 
tain much dirt or dust, with forks, not with the large 
rakes sometimes used for this purpose; or stone may 
be spread from piles where it has been previously 
dumped on the roadside, but this is not the best 
practice. Greatest care must be taken to spread the 
stone with absolute uniformity. If dumping boards 
are not used, the entire pile of stone which has been 
dumped should be rehandled to provide for the 
removal of any accumulation of dust or particles of 
stone too fine, and prevent unevenness which is 
almost sure to follow if the stone is not rehandled. 

(2) Rolling of this stone-—This should, of course, 
be done carefully and with more or less intensity, 
according to the hardness of the stone. It should 
not be sufficient to crush the stone and need be only 
enough to lay it with sufficient firmness to prevent 
material tracking or rutting when the spraying 
machine passes over it in the first application of the 
bitumen. Slight tracking by wheels of the spraying 
machine will roll out. 

(3) Corrections of imperfections in spreading or roll- 
ing.—Any depressions or bunches which develop 
during this first rolling should be very carefully 


eliminated by adding more stone to fill the depres- | 


sions or by the pulling off into the depressions stone 
from spots where there is too much. It is at this 
time, while rolling, that any unevenness in the surface 
should be corrected, as it is extremely difficult to 
correct it after the bitumen has been applied. It is 
frequently necessary to correct the slight depres- 
sions by placing only a few pieces of broken stone in 
them. The man having charge of this spreading 
should, if necessary, get down on his hands and 
knees and search for the inequalities in correcting 
them. 

(4) The first application of the bitumen.—This is 
sometimes done successfully by hand pouring, but 
never as well as when properly applied by a suitable 
pressure distributor. When poured by hand it 
should always be done longitudinally with the direc- 
tion of the traffic, never across the road, for there 
will always be, when hand poured, more bitumen 
where one pouring meets another, particularly when 
asphalt is used. Under wear of traffic slight pro- 
jections on the surface occur where there is more 
bitumen. For the same reason it is much better not 
to apply from a single nozzle from the pressure 
distributor but from a single or double row of noz- 
zles. The applications from the pressure dis- 
tributor may be of any width desired, usually from 
7 to 10 feet, so that on the ordinary road two appli- 
cations will cover the entire width, but on wider 
surfaces there may be additional applications. 
Where, however, there are irregularities in the 
widths, the areas outside of the regular width may 





BITUMINOUS MACADAM UNDER CONSTRUCTION, STATE HIGHWAY IN CITY OF BOSTON. 


SURE 
TO THE SQUARE YARD. 
WAS ABOUT 234 GALLONS. 
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ASPHALT IS BEING APPLIED UNDER PRES- 
THE STONE ON THE RIGHT FOREGROUND HAS RECEIVED THE FIRST APPLICATION OF ABOUT 2 GALLONS OF ASPHALT 


HERE THE WEARING SURFACE WAS 3 INCHES THICK, AND THE TOTAL QUANTITY OF ASPHALT USED 
THIS WAS AN EXPERIMENTAL ROAD AND GREAT CARE WAS TAKEN TO OBTAIN SPECIFIC RESULTS, 
ON THE LEFT IN THE FOREGROUND IS STONE SPREAD AND ROLLED WHERE THE ASPHALT HAS NOT BEEN APPLIED. 


THIS POR- 


TION WAS FINISHED UP AS A WATERBOUND MACADAM SHOULDER AND SURFACE TREATED WITH OIL TO GIVE A SURFACE THAT 


WOULD PROVIDE BETTER FOOTING FOR HORSES. 
HAS BEEN APPLIED, NOTICE THE BOARDS SET ON EDGE. 


BETWEEN THE PORTION ON THE LEFT AND THAT WHERE THE ASPHALT 
THESE WERE FOR THE PURPOSE OF PREVENTING ASPHALT FROM 


BEING SPREAD BEYOND A CERTAIN LINE, SO THERE WOULD POSITIVELY BE NO LAPPING OVER OF THE ASPHALT. THE SPRAY.- 
ING MACHINE ATTACHED TO THESTEAM ROLLER MAY BE SEEN WITH THE TROUGH IN PLACE UNDER THE NOZZLES TO PREVENT 
THE DRIPPING OF THE BITUMEN ON THE ROAD. THIS IS A DIRECT PRESSURE SPRAYING MACHINE, THE PRESSURE BEING 


AIR PRESSURE PROVIDED BY AN AIR PUMP OPERATED BY STEAM FROM THE ROLLER. 


A POURING POT, WHICH IS SEEN, WAS 


USED WHEN THERE WERE ANY IMPERFECTIONS IN THE OPERATION OF THE SPRAYER. 


be penetrated with a single nozzle or by hand 
pouring. 

In some cases bitumen may be heated at a single 
plant and sent out in motor-drawn distributors, 
sometimes as far as 30 or 40 miles, and successfully 
applied. In the absence of such central heating 
plants the bitumen usually is delivered on the work 
in barrels and heated in kettles. It is much better 
to have kettles with a heating capacity of about 400 
gallons. Two or three such kettles will provide for 
the application of from 1,500 to 2,500 gallons per 
day, and one spraying machine will distribute this 
quantity of bitumen. Care should be taken in 
heating not to burn. Bitumen should be strained 
when passing from the kettles into the distributor 
as well as when being taken into the distributor at 
the central plant, otherwise there will be particles 
of foreign substances getting into the distributors 
and clogging the nozzles. This causes imperfect 
application. Asphalt always should be heated to 
not less than 300° F. not more than 400° F., and 
tar to not less than 225° F. 

Just before the bitumen is applied from the dis- 
tributor the outlets from the distributor and the 


nozzles should be tested out carefully to see that 
they are all free. There always should be a trough 
on hand in which any drippings from the nozzles 
may be caught instead of being allowed to fall on 
the road, as these drippings would form bunches in 
the surface. Care should be taken not to lap over 
a previous application. This may be done by laying 
rough paper covered with sand or stone dust, for 
5 or 6 feet back from the end of the previous 
application; or even, sand alone, if paper is not 
available. Then a flying start may be made and 
the distributor opened just before reaching the end 
of the previous application. The overlapping bitu- 
men then can be removed by taking off the paper 
and sand. 

When the load of bitumen has been distributed 
the distributor should not be allowed to go on with 
the valves open, thus tracking bitumen along over 
the road, but as soon as the full spray ceases the 
operator should close the valves instantly and men 
should be on hand with the trough to catch the 
drippings. After each load has been distributed the 
pipes of the distributor should be blown out and 
cleaned out before it is refilled. 








MANCHESTER, MASS., ASPHALT PENETRATION ROAD LAID IN 1916. 


The actual operation of the application of a tank 
load from the distributor occupies only a few 
minutes, provided there is no stoppage of the nozzles 
or difficulty in the operation, so that there should 
be no hesitation about taking all the time necessary 
to insure the free working of the nozzles before 
commencing the application, and taking every pre- 
caution between applications to obtain the same 
result. Some one skilled always should be on hand 
to see to it that the application of the bitumen is 
perfectly done because if not perfectly done the 
results are going to be imperfect and to that extent 
a failure. 

(5) The first light spreading of the peastone.—The 
first light spreading of the peastone after the first 
application of bitumen is for the purpose of filling 
the surface voids and providing a sufficient covering 
to permit the roller to pass over without sticking to 
the bitumen. The least quantity of peastone that 
will accomplish this purpose is best. Any more 
than enough is superfluous and a waste, as it inter- 
feres somewhat with the compression of the stone 
and all surplus has to be swept off before the seal 
coat is applied. This spreading probably will con- 
sist of about 5 pounds to the square yard. It 
never should be allowed to be any thicker in one 
place than another, and should be so thin that the 
bituminous surface below shows through it every- 
where. 
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PHOTOGRAPH WAS TAKEN IN MARCH, 1919, 


(6) The second rolling.—The roller may be the 
usual 10-ton steam road roller or heavier, much 
better heavier, and when asphalt is used with trap 
rock should weigh not less than 15 tons, as the 
asphalt cools quickly and the stone then compresses 
with difficulty. It is economy to use a heavy roller 
because the results are accomplished in much less 
time and the expense of operating the heavy roller 
is very little greater. Best results with asphalt can 
be obtained only with a heavy roller. This second 
rolling can not be overdone unless the ground 
beneath develops a softness and depressions begin 
to occur. Sometimes after heavy rain the ground 
beneath does become soft and then rolling has to 
be done with care, if not postponed altogether until 
after the ground is dried out. Should any distinct 
unevenness occur which can not be rolled out during 
this second rolling, it should be corrected by remov- 
ing such imperfect area altogether and replacing 
neatly with new broken stone and new bitumen by 
the methods already outlined. 

(7) Sweeping off of the surplus peastone, dust, etc.— 
After the second rolling and before the seal coat is 
applied all loose particles of dust, stone and dirt 
should be carefully and completely swept off. If 
allowed to remain they will cause a separation 
between the second application of bitumen and that 
in the bottom course, so that the second application 
may peel off. 


(8) The second application of bitumen.—The sec- 
ond application of the bitumen, forming the seal 
coat, should be made with great care, in the same 
way as to method as the first application, the same 
precautions being taken in heating, loading the 
spraying machine, and applying. When the seal 
coat is hand poured it should be done with even 
greater care than the first pouring, and a sufficient 
number of men should be on hand with rubber 
squeegees or rattan push brooms to spread the sur- 
plus bitumen around immediately after pouring, so 
as to carry a uniform quantity everywhere. 

(9) The final covering of peastone—Immediately 
after the second application of asphalt it should be 
covered with a final coating of peastone, the quan- 
tity of which will be about 20 pounds to the square 
yard or more, sufficient to take up the asphait of 
the seal coat and prevent it from sticking to the 
roller or wheels of vehicles. This is frequently 
spread carelessly. It should never be dumped on 
the road surface before spreading, but should be 
either spread from a dumping board or from carts 
or piles at one side, and should be broomed after 
spreading before it is rolled. 

(10) The rolling of the final covermg of peastone 
should ordinarily be as intense as the rolling after 
the first application of bitumen, but if for any reason 
it has been impossible to secure the desired results 
with the first rolling, the second rolling should be 
done so as to remedy any defects. 

This completes the operation of constructing a road 
which may be said to be manufactured in place, the 
different materials having been previously prepared, 
brought to the road, and put together there. 

If all the conditions are carefully studied and met 
by proper treatment, the bituminous macadam will 
be successful. The chief objection, if it may be so 
called, in the perfect bituminous macadam, lies in 
its slipperyness for horses, but nearly all first-class 
bituminous pavements are slippery in this respect 
and when seriously so there should be a slight cov- 
ering of sand spread occasionally, the cost of which 
is very little. 


CAUSES OF WAVINESS. 


[ have previously stated that waviness may be 
due to using a small size of stone in the bituminous 
surface. This is quite sure to follow the use of stone 
which does not exceed 14 inches in largest dimen- 
sions, which some of us know as No. 2 stone; in other 
words, this size of stone when used will almost in- 
variably wave sooner or later under heavy or me- 
dium traffic. Under very light traffic the stone will 
stay in place and not wave unless there is a surplus 
of bitumen. Where the smaller stones are used the 
voids will be smaller and a smaller quantity of bitu- 
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men should be used. There should be fully one- 
half gallon less than when stone of the larger size is 
used, but then it has been the writer’s observation 
results would seem to show that this size of stone 
should never be used except where the traffic is very 


light, simply because of its tendency to wave or _ 


move about under the traffic. 

With the large-sized stone, even if there is a sur- 
plus of bitumen there will be no movement of the 
stone nor waving of the surface unless there may 
be such a surplus of bitumen on top of the stone 
that it has the appearance of waving. But- this 
surplus can be removed with grub hoes or hot 
shovels and should be taken off immediately after 
it has been put on during construction. If the 
weather at that time should be too cool it will not 
be very serious if left on the road until warm 
weather comes again. 


BEST TIME FOR LAYING. 


There is no reason why this type of bituminous 
macadam will not give good results in any climate, 
but it should not be laid in the late fall in the 
Northern States, as the bitumen cools in place so 
quickly that it prevents proper compacting of the 
stone. There have been instances where the work 
was done late and it was necessary to apply a second 
seal coat on account of the openness of the surface, 
leading to considerable additional expense. 

In spite of every precaution, as in the case of any 
pavement, some imperfections may sometimes de- 
velop. Frequently miles of road are built without 
any of these imperfections developing; at other 
times when the men are not fully experienced or 
will not take proper care after the road has been 
open to traffic, small spots will appear where there 
does not seem to have been sufficient bitumen and 
the stone starts to ravel. Examination has shown 
that this frequently is due to the presence of a 
foreign substance on the surface when the bitumen 
was applied. Care should be taken to see that 
before bitumen is applied there is nothing in the 
stone which would prevent it from penetrating the 
voids. In the fall of the year, when leaves are 
dropping from the trees, it is sometimes necessary 
to have a gang of ten men or more taking the leaves 
off the surface of the road immediately before the 
application of the bitumen. 

Usually imperfections of workmanship will de- 
velop within about 12 months of the time the work 
is done, and they may be corrected by patching, 
which should be done just as the work was done in 
the first place, except that bitumen may be hand 
poured, but stone and bitumen of the same kind, 
and the steam roller should be used. 
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WATER AND THE SUBGRADE. 


By J. L. HARRISON, Highway Engineer, Bureau of Public Roads. 
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IN SPITE OF THE HEIGHT OF THE EMBANKMENT THIS BITUMINOUS MACADAM FAILED BECAUSE ENOUGH WATER WAS TAKEN UP 
AND HELD SO THAT HEAVY TRUCKS EASILY BROKE THROUGH THE SURFACING. 


HE DEVELOPMENT of the heavy truck has 
brought to the front a number of problems 
in highway design which demand considera- 

tion, but of these none are of more pressing impor- 
tance than those which arise in designing the sub- 
grade of a modern highway. This is because as a 
structure the subgrade is less reliable than the pave- 
ment that is laid on it, with the result that more 
money must be expended on the pavement than 
would be necessary if the stability of the subgrade 
could be so adjusted that its supporting power 
would become a reasonably uniform quantity. 
There have been some efforts to develop the sup- 


-porting power of the subgrade into a known quantity, 


and textbooks on highway engineering have gener- 
ally recognized the need of improvement in this 
particular by urging that one of the most important 
considerations in the design of a highway is that the 
subgrade be kept dry, there being in this presenta- 
tion of the matter two obvious assumptions, first, 
that it is possible to keep the subgrade dry, and, 
second, that if the subgrade is kept dry it will have 
a supporting power of such uniform quantity that it 
will offer a reliable foundation for any pavement 
which is laid over it. 


These assumptions are interesting because the 
last is almost unquestionably the result of the com- 
mon experience that during the summer months 
when subgrades are relatively dry their carrying 
capacity (except in the case of sands and gravels) is 
higher than when they are wet. On the other hand, 
the first assumption seems to have arisen from the 
logical deduction that by keeping subgrades dry the 
strength and the comparative uniformity of sup- 
porting power which subgrades show during the 
summer months would persist throughout the year. 


DRAINAGE AND THE SUBGRADE. 


For some reason there has been connected with 
this obvious deduction the idea that an impervious 
pavement and proper draimage will produce the 
desired condition of the subgrade. However, the 
emphasis which has been placed on proper drainage 
as a factor in producing this result has been greater 
than the facts warrant, for drainage, in the strict 
sense, deals only with the removal of that water in 
the soil and on its surface which is subject to the 
action of gravitation. But under many conditions 
the water which is causing trouble in a subgrade is 
held in the soil in spite of the action of gravitation. 


Therefore drainage, no matter how complete, often 
has been unsatisfactory, for it has quite generally 
failed to get at the real seat of the trouble. On the 
other hand, this fact did not become as conspicuous 
when light loads were moved over the pavements 
as it has become since heavy trucks ¢ame into com- 
mon use. 

Subgrades are constructed of all sorts of soil, the 
general practice being to build subgrades of whatever 
soil happens to be on the right of way. As a result 
of this practice, the soils found in ordinary sub- 
grades vary from rock and coarse gravel to clays 
which are so fine that much of the kaohn of which 
they are largely composed exists in a colloidal state. 
But all soils contain moisture, and here lies the great 
difference in the behavior of different soils under 
the same conditions of drainage, for part of the 
moisture in these soils is moved by gravitation and 
part by capillary attraction. (We have no particu- 
lar interest in that part of the moisture content of 
soils which exists as surface films on the soil par- 
ticles.) It is a well-known fact that the percentage 
of pore space in different soils does not vary over a 
very wide range, but the size of the pores varies a 
great deal. In coarse gravel the pores may be quite 
large, in clay they are very small. Practically all 
of the water which exists in gravel is gravitational— 
that is, moved by gravity—while in a very fine clay, 
as fire clay, whatever free water is present is capil- 
lary water, there being almost no gravitational water 
at all. Between the coarse gravels and the fine 
clays, which are used as types because one contains 
practically no water held by capillary attraction and 
the other almost none that is subject to the action 
of gravitation, lie most of the soils used in con- 
structing highway subgrades. Unfortunately, these 
soils tend to resemble the clays more than they do 
the gravels. 





WHERE DRAINAGE FAILS. 


It is not surprising, therefore, to find that the 
soils ordinarily used in highway subgrades contain a 
good deal of water which is held there by capillary 
attraction—water which can not be ‘‘drained” 
out by the installation of any sort of a drainage 
system for it is not moved by gravitation. Nor, 
then, should it be surprising to find that ordinary 
drainage systems—open ditches and tile drains— 
so commonly fail to produce reasonably dry sub- 
grades, for the amount of water which normal soils 
will absorb and hold in spite of.the action of gravita- 
tion is often sufficient to reduce the carrying capacity 
of such soils to a point far below their supporting 
power when they are dry. Indeed, in the case of 
clay the contained water held without regard to 
gravitation may exceed 50 per cent of the total 
volume of the clay mass. This is, of course, enough 
to render the mass too plastic to be depended on to 
carry heavy loads. Other soils, depending largely 
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BUILT THROUGH A CUT AND WITH THE DITCH FLOORS ABOVE 
THE BASE OF THE CONCRETE, THIS ROAD FAILED RAPIDLY 
UNDER HEAVY TRAFFIC BECAUSE THE MOISTURE FROM 
THE HIGHER GROUND FOUND EASY ACCESS TO THE SUB= 
GRADE AND KEPT IT MOIST. 


on the amount of clay in them, have this same power 
of absorbing and retaining water, that is they can 
absorb and retain until it is dried out of them by 
contact with the air quite enough water to materially 
reduce their load supporting power. 

When such soils are used in highway embank- 
ments the water so absorbed is commonly obtained 
in one of two ways, from (1) the normal precipitation 
on the shoulders and slopes of the highway from 
which areas it is distributed through the subgrade 
by capillary attraction and from (2) the water 
table which underlies the highway, from which level 
it is raised into the subgrade by this same force. 
Modern practice in highway design almost always 
leaves the shoulders and the slopes open to the rain 
and, more frequently than is generally supposed, 
the water table is close enough to the surface of the 
ground so that capillary attraction will raise water 
into the subgrade. 


RAINFALL AND SOFT SUBGRADES. 


The normal rainfall on the shoulders and slopes 
of a subgrade is not usually looked at as the cause 
of any trouble with soft subgrades though it is, in 
fact, quite often responsible for such trouble. The 
percolation of water into the soil is a large subject 
by itself, but a number of the salient features may 
deserve notation in this connection. One of these 
is that while water percolates very slowly into a 
soil which is so dry that the films of moisture which 
normally surround the particles in the soil have 
been largely removed, it moves quite rapidly where 
the soil is moist. Moreover, percolating water 
moves both down and out, the outward movement 
being negligible when the pores in the soil are so 
large that the movement of the water is largely by 
gravity, but quite high when the movement is by 


capillary action. It therefore transpires that during | 


a protracted rain, particularly in the spring when 
the soil is apt to be moist at all time, dense clay sub- 
grades may, and, in fact, do absorb a large amount 
of the rain which falls on the shoulders and that 
this absorption may carry the water considerable 
distances under the edges of the pavement. 

The.moisture so absorbed is retained very persis- 
tently by the finer grained varieties of clay. In fact, 
it Is no uncommon thing to find that, under the pave- 
ment, the pockets of such clays as fire clay or dense 
blue clay are quite plastic for weeks after ordinarily 
porous material has dried out to a point where a 
satisfactory bearing power has been developed. 
Many failures on hard surface pavements are due 
to the presence of pockets of materials of this sort, 
materials which, when protected by a relatively 
impervious pavement, retain enough moisture so 
that with what is absorbed through the shoulders 
and slopes during every rain they never become dry 
enough to be stable. The writer has seen fire clay 
taken from such pockets in July which was as 
plastic as good putty—the moisture in this clay 
having been prevented from direct evaporation 
by a bituminous concrete pavement, and the mois- 
ture which was drawn away by capillary attraction 
to make up for the evaporation from the shoulders 
having been resupplied from time to time by the 
rain which fell on the shoulders and slopes of the 
highway. 


CLAY SUBGRADE NEAR WATER TABLE. 


In the case of a water table which is near the 
surface of the ground a similar condition prevails. 
Water is raised by capillary attraction through 
various heights, materials through which this force 
will raise water 2 or 3 feet being common, while 
materials through which capillary attraction will 
raise water as much as double these heights are by 
no means rare. The presence of a large amount of 
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RUNNING WATER HARDLY VISIBLE, KEPT THE SUBGRADE UNDER 
THIS CONCRETE PAVEMENT WET, AND HEAVY TRAFFIC BROKE 
[TheUiR. 


clay in a subgrade which is within 6 feet of a water 
table is, therefore, an invitation to trouble, for there 
are a great many clays which will absorb enough 
moisture under conditions of this kind to remain 
constantly plastic if their moisture content is pro- 
tected from evaporation by an impervious pavement. 

In this connection there is one point which de- 
serves mention: the moisture content in the top 
layer of the soil is the result of two opposing con- 
ditions, the rate of evaporation and the rate at 
which moisture is supplied from below by capillary 
attraction. In an open field the surface of the 
ground may become very dry during the day, due 
to a high rate of evaporation, and then may become 
quite moist during the night because the rate of 
evaporation has fallen very low while the rate at 
which moisture is being raised by capillary attrac- 
tion has remained constant. Through a _ pave- 
ment, on the other hand, there is obviously almost 
no evaporation, so a pretty constant moisture 





BITUMINOUS CONCRETE ON A PORTLAND CEMENT CONCRETE BASE, 
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WET CLAY WAS FOUND UNDER THIS BREAK. END OF SHOVEL 


HELD BY THE BOY SHOWS WHERE THE PAVEMENT SURFACE LAY ORIGINALLY AND DEMONSTRATES THE FACT THAT WET CLAY 


IS A POOR FOUNDATION. 
CLAY MASS WET. 


content may be maintained in the subgrade just 
below it by even a low rate of capillary flow, there 
being no need to supply moisture faster than the 
normal rate of capillary flow from the interior of 
the subgrade to the shoulders, to keep up a condi- 
tion of high moisture content under the pavement. 
That this condition prevails more often than is 
generally supposed is evident from the fact that 
during his investigations of this matter the writer 
has encountered moisture contents as high as 18.88 
per cent by weight (about 60 per cent by volume) 
and has found that 30 per cent of water by volume 
is quite a common moisture content in the clay 
immediately under an impervious pavement. Of 
course, any clay in a road embankment which 
contains as much water as this is so plastic that it 
cannot be depended on to carry very heavy unit 
loads. 

The obvious remedy for this condition of affairs 
is to use less clay in highway subgrades. For this 
reason the modern practice of balancing cuts and 
fills is to be regretted, for while economical as to 
first cost it carries with it the constant temptation 
to use a great deal of material which should never 
form a part of a highway embankment. To what 
extent it will be advisable to waste material which 
is now regularly used will depend very largely on 
what loads the highways are ultimately to be called 


THIS SPOT IS ON A HILL, WELL DRAINED, BUT SEEPAGE THROUGH THE SHOULDERS KEPT THE 


on to carry, but, as the data now at hand serves 
to show that many of the clays act very much like 
sponges and absorb so much water that they are 
plastic much if not most of the time, the rejection 
of many of the clays would seem to be advisable 
if anything like uniform stability is to be secured 
in a subgrade. 


DRAINS NOT ALWAYS EFFECTIVE. 


The advocates of tile drainage, as a panacea for 
all of the ills that befall pavements, will argue that 
much can be done by using tile drains if the tile 
drains are placed deep enough. Tile drains can 
be so placed, it is admitted, that they will lower 
the water table. If placed from 6 to 8 feet or more 
below the surface they would probably stop most 
of the water now raised into the subgrade by capil- 
lary action. On the other hand the writer has 
found as high as 11.2 per cent of moisture by weight 
(about 30 per cent by volume) in a clay soil under 
an asphalt pavement (2 inch asphalt top on a heavy 
concrete base) where the water table was so far 
below the surface that a service opening 10 feet 
deep had not yet encountered it. 

This would seem to indicate that there are times 
when water is raised a long distance, for there did 
not appear to be any other source from which this 
moisture could have come. The sheet asphalt 
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pavement precluded any assumption that this 
water had come through the pavement. The side- 
walks are of concrete and the building space for 
hundreds of feet in all directions is under roof. 
The obvious conclusion is that where there is no 
direct evaporation and where there is no shoulder 
evaporation, water either may be gradually lifted 
to heights much above the ordinary limit of capil- 
lary attraction or that condensation on the under 
side of the pavement may eventually develop a 
high water content in the underlying soil, if this 
soil is dense enough to retain moisture. 

In any case the use of tile drains to unwater 
clay subgrades is pretty largely a waste of money, 
for clay as it is compacted into a highway subgrade 
can not be unwatered in this way unless the tiles 
are placed deep enough to keep the water table 
beyond the range of capillary attraction, which 
means that to accomplish the desired results the 
tile must be placed much deeper than is now com- 
mon and even then the results will be very doubtful. 
Indeed this should be clear for another reason. 
Clay is so impervious that it is constantly used 
to make cofferdams water-tight. In the construc- 
tion of cofferdams a thickness of a very few feet 
of clay is often used to hold back a considerable 
head of water. Used in this way, clay is a standard 
construction material. Just why, then, engineers 
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should try to drain this same material by running 
a few tiles through it is not clear. <A clay subgrade 
may contain a large amount of water, but this 
water is contained in pore spaces which are so small 
that gravity is not strong enough to overcome the 
capillary attraction which holds it in these pores, 
so little or no good attends the use of tile drains 
in such material, except as such drains are used to 
cut off the supply from which the water in the wet 
strata is drawn. 


PROBLEM IN SPRING THAWS. 


Another phase of the general problem of dealing 
with water in the subgrade is presented by the spring 
thaws. It is a notorious fact that at this time of the 
year subgrades, especially in northern regions, are 
more apt to give trouble than at any other time. 
The cause is not hard to locate, but the undesirable 
conditions which result are extremely hard to correct. 
Briefly, during the severe weather of the northern 
winter, the moisture in the ground freezes to a depth 
of from a few inches to a number of feet. Even 
though the moisture content in the soil is not very 
high, it is usually sufficient to convert the frozen 
stratum into a solid mass through which no water 
can percolate. Indeed, even if the mass is not im- 
pervious, no water can pass through it, for its tem- 
perature is so low that any moisture which reaches 
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it will be converted into ice. Itis, therefore, a barrier 
through which no water can pass. 

When spring comes, the warmer weather first con- 
verts whatever snow and ice there is on the ground 
into water and then gradually melts the ice which is 
in the soil itself. The melting of the ice in the frozen 
ground is a slow process—one which, when the spring 
opens gradually, may take from two weeks to a 
month or more. But during all of this period—that 
is, as long as there is any of this frozen stratum left 
under the surface of the ground—none of the water 
which is formed by melting the snow and ice which 
lay on the ground when the thaw began, and none 
of the rain which falls while this frozen stratum per- 
sists, can penetrate the ground farther than the top 
of whatever remains of the frozen stratum. Thus, 
if the ground was originally frozen 3 feet thick and 
6 inches of this distance has melted, any moisture 
which melts on the surface or which falls as rain and 
is absorbed by the soil must be retained in this 6 
inches of melted soil, for it can not, in the nature of 
things, percolate into the 24 feet of ground which is 
still frozen. 

This condition is not so hard to handle on rolling 
ground for here the surface run-off is high, but on 
flat ground the results of this condition are apt to 
prove serious, for here the run-off is slower; indeed, 
there is apt to be an accumulation of water from sur- 
rounding high ground, and when this water has been 


absorbed in the thin layer of thawed-out ground 
complete saturation often results. In this way 
condition is created which is exactly similar to that 
which would result if the water table were raised to 
the surface of the ground. Of course, the strength 
of any subgrade which is subjected to such a condi- 
tion is adversely affected by it, and when the pave- 
ment is laid so that the top of the subgrade is only a 
few inches above the surrounding ground or even, as 
too often happens, a little below the surrounding 
ground, the complete saturation of the subgrade im- 
mediately under the pavement naturally results. 

There is nothing strange or unusual about this 
phenomenon unless it be the amount of water which 
is sometimes found in the top layers of the ground 
during these periods. As throwing some light on 
this, some samples taken from rather porous ground 
last spring showed: 

Top inch, 29.3 per Gent of water, by weight. 

Top of frozen ground 6 inches below eeriaces 24.9 
per cent of water. 

Ten inches below surface (4 inches below frost line), 
14.7 per cent of water. 

The ground had frozen after rather a wet period 
and so the moisture content of the frozen ground was 
higher than would benormal. The other percentages 
are, however, quite normal for light soil, and while 
the water content in the first inch is very high this 
merely serves to show what commonly results at 
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this time of the year. It is needless to remark that 
soil as wet as this can not support any heavy loads; 
indeed, a man walking over it sinks into it 2 or 
3 inches, so it is not strange that pavements fail 
during the period when the frost is coming out of 
the ground. 

Tile drainage does not help this condition. It 
should be clear that tile drainage can do nothing for 
such a condition as this, for the essence of the trouble 
is that the normal percolation of surface water into 
the lower strata is cut off by the sheet of frozen soil 
which underlies the surface. As all tile drainage is 
located some feet below the surface, any sheet of 
frozen ground so entirely cuts it off that it can have 
no effect in removing the water on the surface. 


SURFACE DITCHES HELP. 


On the other hand, a good system of surface ditches 
is an assistance during spring thaws. Such a system 
usually does not, however, meet the condition as well 
as could be desired, for it requires a great deal of 
attention to keep surface ditches free from obstruc- 
tions, especially ice, and as a result it is not at all 
uncommon to find ditches, which in ordinary 
weather are entirely adequate, standing full of water 
during spring thaws because ice dams have formed 
in all of the shaded sections of them. 

Another factor of no little importance at this 
period is the tendency of the least depression to 
catch and hold water. This is not only because of 

113809—19—3 


the saturated condition of the soil as above described, 
but is also due to the fact that when the air is only 
slightly above the freezing point, as is its normal 
condition im the early spring, a relatively small 
amount of water can be taken up and carried away 
in the air. There is, then, at this time of the year, 
a combination of conditions—the absence of normal 
subdrainage, the clogging of surface drainage, and 
the low moisture absorbing power of the air which 
all tend to keep subgrades in a wet and weakened 
state. At least two of these conditions are of such 
a nature that they must be recognized as phenomena 
over which there is no control. Even the third, the 
formation of ice dams in shaded sections of the drain- 
age ditches, is one which is extremely difficult to deal 


‘with, but which must be handled if any relief from 


this condition is to be secured. 

There is much which can be said as to the proper 
functions of drainage systems in the protection of 
subgrades, but the salient features of good ditch 
design arematters which are too well known to deserve 
much comment in this connection. One point, how- 
ever, deserves mention, and that is that ditches 
should always be kept open and evenly graded so that 
they will not impound water. Water impounded in 
ditches works under the pavement easily and rather 
rapidly. Running water in highway ditches is to 
be condemned for the same reason. Where the sub- 
grade is sandy and porous the seepage from water 
impounded in a ditch or running in a ditch does not 
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spread out very far laterally, but where the soil is 
heavy the lateral seepage is more of a factor, and, 
in fact, a good many pavement failures can be 
traced to these very causes. 


TESTS OF SOILS FOR SUBGRADE. 


Looked at from a little different angle, the impor- 
tant point in this discussion would seem to be that, 
as there is no justification for the common assump- 
tion that drainage will keep a highway subgrade dry, 
it is neither logical nor correct to design pavements 
on the theory that their subgrades will be dry. On 
the other hand, there being every reason to assume 
that there will be times when very little subgrade is 
in an entirely satisfactory condition and that, in any 
locality, subgrades of some materials will almost 
never be as strong as they should be, it would be far 
more advisable to accept as normal bearing powers 


a good deal lower than the maximum attained during | 


dry weather, and to discard as unfit for use in the 
subgrade materials which are known to fall below 
this limit of strength whenever capillary attraction 
fills their pores with water. This would imply an 
examination of the strength of compacted soils con- 
taining a relatively high water content, and accept- 
ing as inevitable the high water content of soils 
which is known to be common during the spring 
months. This would also, as suggested above, imply 
wasting soils which fell below the established stand- 
ard of supporting strength under the conditions as to 
moisture which are normal at this time of the year. 

At first glance this may seem to be a visionary 
scheme, but on careful study it will usually be found 
that the amount of testing, which would be required 
in order to eliminate undesirable soils, would be no 
ereater and no more expensive than the testing now 
done by every well-managed highway department in 
order to insure the satisfactory nature of other build- 
ing materials. As there can not be the slightest 
doubt that the heavy loadings now carried on the 
highways makes it as important that the subgrade 
should be composed of materials of proper charac- 
teristics as it is that the base should contain good 
cement or the top good brick, an equal amount of 
care in the selection of materials for the subgrade 
would seem to be in line with the general progress 
which is being made in the art of highway construc- 
tion. 


BONDS FOR HIGHWAY. 


Sussex County, Del., will issue bonds to the 
amount of $500,000 ot construct a concrete road 
across the county from Lewes and Rehoboth Beach 
to the Maryland line. 


NEW HAMPSHIRE LEGISLATION. 


This year’s session of the New Hampshire Legis- 
lature passed the annual appropriation of $125,000 
for road maintenance and appropriated $250,000 
for State-aid roads; enough money was appropriated 
from the State treasury to secure Federal aid to the 
amount of $800,000. The old law fixing the limit of 
cost of State-aid roads was repealed. 

In New Hampshire, under a new law, the power 
to locate new State highways is now vested in the 
governor and council, and not with the highway 
commission. 


CONVENIENT PROJEGISRECORE: 


NE OF the most important functions of a 
district office is to keep detailed and readily 
accessible records of the routine transac- 

tions on all projects under the supervision of the 
district office. A form devised by the Portland 
office, and shown on the opposite page, is unusually 


well suited for this purpose, for it is comprehensive, 


easily referred to and of general utility. The form 
is self-explanatory. 

As a district record the form is bound in a loose- 
leaf binder of a size convenient for a desk record. 
Projects are entered serially by States and the form 
filled in as the project is developed. In a number 
of districts the territory is subdivided, and an 
engineer placed in charge of each subdivision. 
Winer this is done, a copy of this record may also 
be kept for each Sfgstiiens 

With slight changes the form is. also adapted for 
use in State offices, not only as a ready desk record 
but also as a permanent record, for it enables the 
compact recording of practically all of the ad- 
ministrative and fiscal data which it is desirable to 
have in studying the progress of a project and in 
determining when and why special attention should 
be given to it. 

Recoree of this nature are invaluable when kept 
up to date. They become practically valueless 
when there is even a suspicion that they are inac- 
curate or incomplete. For that reason, wherever 
this form or one of similar design is adopted, the 
work of keeping it up should be intrusted to a 
responsible clerk, and it may even be advisable to 
require a notation on all documents from which 
entries on this form are to be made, that the proper 
entries have been made, before such documents are 
transmitted. Where such a check is used, this will 
prove to be a valuable record, both for use in the 
office and in the field. The form is as follows: 
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PROJECT RECORD FORMS. 


BUREAU OF PUBLIC ROADS 


POST ROAD PROJECTS 


County of Malheur 


Project No. 17 
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_ Highway Cow Valley-Brogan _ 





___ focal Sec. _ 





Project statement. 





Plan, spec. and estimate. 

























































































RECEIVED Beobpriuary, 201919 7 
Perce 8.5 miles : . 
TYPE Grading earth road 
ESTIMATE $ 69, 300.00 
F. A. REQUESTED $29, 650.00 Nt 3 
INSPECTED Nov. 16 1918-T. M. Keene 
FORWARDED 3/11-19 
APPROVED 
FUNDS—STATE $ Ag ? 650 co.$ 1O ) OOO ADVERTISED 
REVISED—STATE $ Co. $ 
SUPPLEMENTARY AGREEMENT AWARDED TO ‘ 
For 3 ToTar $ 
ets 
FACE OF PROJECT RECORD FORM. 
VOUCHER RECORD 
Number. Dea. Amount. Fwd. Approved for. Deduction. Remarks. 
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REPORT ON RURAL CONCRETE ROADS. 


Results of the Conference of the Mississippi V alley 
Association of State Highway Departments. | 


Field tests.—Field tests for grading should be 
made with a nest of sieves of the following mesh: 


é 


rural concrete road construction was held by 


; CONFERENCE on recommended practice for 





the Mississippi Valley Association of State 


Highway Departments at Hotel La Salle, Chicago, Sloe. Né-wehypautig eer ietn 
: orsize. | ininches. | inches. 
February 10 to 11, 1919. 

As a basis for the consideration of various sub- ch kyr cera Gee 
jects the conference had at hand the recommended 48 o116 0092 
practice for concrete road and street construction of 14 -046 -025 
the American Concrete Institute, which is to be 4 “185 "065 


found in full in the Proceedings of the Institute for 
1918 (Vol. XIV, p. 518). 

It was the general understanding that for the 
present the Mississippi Valley Association would not 
issue a complete recommended practice covering all 
features and all details. It is expected that this 
may be done by future conferences. The present 
report, therefore, is confined to those points where 
there was a difference of opinion between the Missis- 
sippi Valley Association conference and the Ameri- 
can Concrete Institute, where the American Con- 
crete Institute recommended practice was silent, 
where amplification was thought desirable, and where 
the American Concrete Institute recommended prac- 
tice was not considered sufficiently definite. 

In general, therefore, the recommended practice 
of the American Concrete Institute is to be followed 
in so far as there are no conflicts with the findings of 
the Mississippi Valley Association conference. 

Throughout the text of this report will be found 
references to the recommended practice of the Ameri- 
can Concrete Institute, which references are made 
by section number, chapter numbers being disre- 
garded. The subject alone of those topics discussed 
by the Mississippi Valley Association conference 
concerning which there was no essential difference 
of opinion from the recommended’ practice of the 
American Concrete Institute, is mentioned with 
appropriate reference thereto. 


TESTS. 


Testing of cement.— (See secs. 1 and 2, A. C. I.) 

Tests of fine aggregate.—(See secs. 1, 3, and 4, 
A.C.1.)  Itis recommended that the following tests 
be made to determine suitability of fine ageregate 
for use in concrete roads and pavements: 


1. Organic impurities (colorimetric tests) (see sec. 
LANG Ta 

2. Sieve analysis. 

3. Mortar strength test (see sec. 1, A.C.I.). Ten- 
sion tests of standard briquettes are recommended 
in addition to compression tests. 

4. Volume of silt. 




















Volumetric tests for silt determination are rec- 
ommended, in which sand and water are shaken 
together in a graduated glass cylinder. The depth 
of the deposit on top of the sand is a measure of the 
foreign material present. Volumetric tests for silt 
determination should be considered as aypyroximate 
for determinations to be made in the field, but 
material should be accepted only after the quantity 
of silt is determined by the weight method, except 
in those cases where the volumetric test shows not 
to exceed 7 per cent of silt at the end of one hour. 


MATERIALS. 


Fine aggregate.— (See secs. 1, 3, and 4, A. C. I.) 
Fine aggregate should consist of particles of durable 
rock that will pass a laboratory screen having four 
meshes per inch. The fine aggregate may consist 
of natural sand or of a mixture of natural sand and 
screenings from durable crushed stone or gravel, 
provided the screenings are free from dust and the 
volume of screenings does not exceed 50 per cent 
of the volume of fine aggregate. It is important 
that all fine aggregates be tested for organic impuri- 
ties as described in section 1, A. C. I. 

Coarse aggregate.— (See secs. 1 and 5, A. C. IL.) 
The coarse aggregate for one-course pavements and 
for the base course of two-course pavements should 
be composed of pebbles or crushed stone. All of 
the particles should be sound and durable. Slag of 
suitable quality and uniformity may be employed. 
The crushed stone should be durable and of uniform 
quality and should have a French coefficient of 
wear of not less than seven. 

The aggregate should be free from flat and elon- 
gated particles. The sizes of the particles should 
be graded reasonably uniformly from coarse to 
fine, such that all will pass a 24-inch screen, and 
not less than 95 per cent retained on a }-inch screen. 

The coarse aggregate for the wearing course of a 
two-course pavement should meet the above require- 
ments except that the maximum size should not 
exceed that which will pass a 1-inch screen. 


Proportions.—One-course road: The concrete 
for a one-course pavement that is to be machine 
finished should be mixed in the following propor- 
tions: 1 sack of cement, 2 cubic feet of sand and 4 
cubic feet of coarse aggregate. For work that is 
to be hand finished the proportions should be 1 sack 
of cement, 2 cubic feet of fine aggregate and 34 cubic 
feet of coarse aggregate. 

Two-course road: The proportions of the concrete 
for a two-course pavement should be as follows: 
For the lower course, 1 sack of cement, 2 cubic feet 
of fine aggregate and 4 cubic feet of coarse aggregate. 

The proportions for the wearing course should be 
1 sack of cement, 2 cubic feet of fine aggregate and 

4 cubic feet of the coarse aggregate prescribed for 
the wearing course of the two-course pavements, 

Quantity of water: It is recommended that 
extreme care be employed in proportioning the 
mixture as regards water content, and that this fact 
be checked by the slump test as follows: For the 
test, 6 by 12 inch cylinders should be tamped full 
of the concrete as mixed and the cylinder immedi- 
ately removed. For work that is to be finished by 
hand, the slump of the concrete upon removing the 
cylinder should not exceed 6 inches and for work 
that is to be machine finished the slump should not 
exceed 2 inches. 


DESIGN. 


Thickness.—(See sec. 13, A. C. I.) The thick- 
ness should be not less than 7 inches at the sides nor 
8 inches at the center for two-track roads up to 
20 feet in width. The thickness for single-track 
roads should be not less than 7 inches at any point. 

Widths.— (See sec. 12, A. C. I.) It is inadvisable 
to build concrete roads less than 18 feet in width. 
Where a single-track road must be built it should be 
made 9 feet in width and the 9 feet should be cen- 
tered on the center line. Pavements with widths 
between 10 feet and 16 feet should not be built. 

The width of grade to be traveled should be not 
less than 24 feet for any width of pavement and the 
minimum over-all width of shoulders should be at 
least 8 feet more than the pavement width. 

Crown.—The crown should be a total of 1 inch 
for two-track roads not exceeding 20 feet in width. 
If on center line the crown for single-track roads 
should be one-half inch. If placed with one edge 
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on the center line the surface should be sloped all 


one way with a total slope of 1 inch. 

Alignment.—No radius should be less than 200 
feet on center line of turns. 

Widening turns.—(See sec. 16, A. C. I.) On 
all turns the center line of the road should be marked 
by a white strip 8 inches wide. 

Superelevation of curves.— (See sec. 15, A. C. 1.) 
Except when drainage condition may prevent, the 


grade of the original center line before widening is to 
be maintained where pavement is superelevated. 
The crown of the surface is to be flat where pave- 
ment is superelevated. . 


GRADING AND DRAINAGE. 


Grades.—(See sec. 19, A. C. I.) Concrete pave- 
ments can be successfully constructed on any maxi- 
mum grade likely to prove best from general eco- 
nomic consideration. In the middle west maximum 
grades exceeding 6 to 8 per cent should not be 
adopted under ordinary circumstances. 

Considering the permanency of concrete surfacing 
a greater expenditure of money is justified in 
eliminating frequent and minor breaks or changes in 
grade than is the case with a less permanent type of 
road. 

Vertical curves on steep grades should be suffi- 
ciently long to give an unobstructed view of at least 
250 feet. 

Drainage.— (See sec. 20, A. C. I.) On sections 
where deep ruts have been made through clay soils 
subdrainage should be provided throughout the 
entire length of the cut. 

Culverts and bridges.—All culverts and bridges 
should be constructed of reinforced concrete built in 
place. For purposes of this report spans up to and 
including 12 feet should be considered culverts. 
Spans over 12 feet should be considered bridges. 

The clear width between culvert end walls 
should be not less than the full width of the grade as 
constructed. 

Bridges should have a clear width of not less than 
20 feet and should in every case have a clear width 
of not less than 2 feet more than the pavement 
width. If sidewalks are necessary, they should be 
provided for in addition to the above widths. 

Subgrade.—It is recommended that if possible 
the subgrade for a concrete pavement be not trenched 
out and that it be kept higher than the berms, so as 
to provide drainage directly to the side ditches. 

Very careful attention should be given to the 
rolling of the subgrade. It is recommended that a 
macadam type of roller be used, weighing not less 
than 10 tons. If the rolling at any time causes the 
subgrade to become wavy, the rolling should be 
stopped immediately over the wavy parts, and the 
soft material investigated. In clays this is almost 
always due to moisture and unless it is possible for 
it to dry out by the sun and wind without delaying 
the work, it should be removed and replaced with 
dry clay or other suitable material that can be rolled 
in asatisfactory manner. If any depressions develop 
they should be filled with acceptable material as the 
rolling progresses. Sand and sandy soils require a 
minimum amount of rolling. 


It is recommended that the rough grading be 
completed very closely to the intended cross section 
of the subgrade and to the full width of the shoulders. 
Avoid shallow filling without plowing. Avoid filling 
narrow, deep ruts without plowing and disking. The 
finished subgrade immediately ahead of the concrete 
should be corrected to proper cross section, using a 
template. 

Where the method of depositing the aggregates on 
the subgrade is followed (see sec. 25, A. C. I), the 
subgrade should be completed fully in sections not 
exceeding 600 feet in length immediately before the 
aggregates are deposited. The surface should be 
brought to true cross section, using a template or 
other acceptable method. The roller should be 
kept in constant operation while the aggregate is 
being delivered. Any ruts or irregularities caused 
by the handling of the aggregates should be filled 
up and thoroughly tamped. Wherever possible, 
hauling over finished subgrade with teams or motor 
trucks should be avoided. 

Where necessary, to avoid formation of an objec- 
tionable layer of dust the subgrade should be 
sprinkled in advance of placing materials. 


EQUIPMENT. 


Unloading yard and equipment.—(See sec. 23, 
ART) 

Hauling equipment.—(See sec. 24, A. C. I.) 

Industrial railway.—Use is recommended. (See 
sec. 24, A.C. ik) 

Dumping on the subgrade and into the 
mixer.— (See sec. 25, A. C. I.) 

Mixer.—The mixer should be of a standard pay- 
ing type having a capacity of at least two-bag batch, 
commonly known as size No. 14. 

The mixer should be equipped with a boom and 
bucket or some other mechanical device that will 
deliver concrete of a proper consistency, also with 
an automatic timing device and a device that will 
accurately measure the water for each batch. 

The attention of the mixer manufacturers is 
directed to the advantages of perfecting a mixer 
that will shorten the time necessary for proper 
mixing and permit the inspection of the batch be- 
fore delivery. 

Water supply.—(See sec. 26, A. C. I.) In addi- 
tion to the general recommendation of the American 
Concrete Institute recommended practice, the water 
supply should be free from injurious substances, 
duplicate pumping machinery should be provided, 
booster pumps should be provided on long pipe lines, 
and in all pipe lines there should be provided unions 
at intervals not greater than 1,000 feet. 

Tees for supply water to the mixer and for sprink- 
ling should be placed at intervals not greater than 
100 feet. 
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MIXING AND PLACING. 


Time of mixing.—(See sec. 27, A. C. I.). Ma- 
terials should be mixed at least one minute after the 
entire batch is in the drum. The speed of the drum 
should be not less than 12 revolutions per minute. 

Measuring materials.—(See sec. 28, A. C. L.)- 
All materials should be accurately measured in re- 
ceptacles of such size that the minimum number of 
units when struck off level will give the proper 
quantity for a batch... 

Side forms.—(See sec. 29, A. C. I.). Steel side 
forms should be used and after the forms are set the 


joints should be inspected carefully using a straight . 


edge to insure proper horizontal and vertical align- 
ment. 

Placing concrete.—(See sec. 30, A. C. I.). The 
operation of depositing, spreading, and finishing the 
concrete should be as nearly continuous as possible 
for tbe full width and thickness of the pavement, 
When delays, of sufficient length to permit the con- 
crete deposited to attain initial set, are necessary a 
suitable header should be placed at right angles to 
the road and the concrete finished to this header to 
true elevation and cross-section. 

The concrete may be transported from the mixer to 
place on the subgrade in any convenient manner 
which avoids the segregation of materials. Any 
device or method of operation which tends to segre- 
gate the materials in such a manner that later 
operations do not completely eliminate such segre- 
gation should not be permitted. 

Placing concrete in cold weather.—(See sec. 
31, A. C. I.). Every effort should be made to 
arrange for closing concrete road work in the fall 
or on about such date as the Weather Bureau 
reports for the locality for the past 10 years indi- 


cate the probability of temperatures materially 


below the freezing point. If circumstances necessi- 
tate continuing work for a short period after freezing 
weather is likely to occur, precautions should be 
observed which will insure positively that the con- 
crete may not become frozen under the most extreme 
conditions of temperature for the period, as indi- 
cated by weather reports for the past 10 years. 
Concrete should be protected absolutely from 
freezing by suitable means for at least 7 days after 
placing. 
JOINTS AND REINFORCING. 


Expansion joints.— (See secs. 32 and 33, A.C.L.). 
Expansion joints should be used only in specific 
cases, such as, junctions between the pavement and 
other fixed objects. 

Expansion joints when used should consist of 
either high grade wool felt or a fibrous material 
combined with a coal tar or asphalt compound. 
The filler should contain, by weight, not more than 
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8 per cent of mineral matter and not less than 5 per 
cent nor more than 25 per cent of fiber. 

Contraction joints.—(See secs. 34 and 35, 
A.C. 1.). Contraction joints should not be used. 
Construction joints should be made at the end of 
each day’s work or when mixing is stopped for any 
reason longer than one hour. 

Reinforcement.—(See sec. 37, A. C..I.). For 
pavements up to 18 feet in width with good founda- 
tion the value of any practicable amount of rein- 
forcement is questionable. 

For pavements over 18 feet, and especially where 
foundations are not thoroughly satisfactory, rein- 
forcements, mainly in a transverse direction, may be 
used to advantage. 

Where reinforcement is used it should be wire 
mesh or separate bar reinforcement, not less than 40 
pounds per 100 square feet, and the proportion of 
transverse to longitudinal steel should be not less 
than 3 to 1. 

The reinforcing should be placed not less than 2 
inches from the finished surface of the pavement. 
Adjacent widths of the fabric should be lapped not 
less than 4 inches when the lap is made perpendicular 
to the center line of the pavement and not less than 
1 foot when the lap is parallel to the center line. 

Circumferential reinforcing—(See sec. 38, A. 
rele) 

FINISHING. 

Machine finish.—(See sec. 39, A. C. I.) When 
mixtures of relatively dry consistency are used, such 
as ‘those necessary to secure maximum strength as 
far as such strength is determined by the water con- 
tent, mechanical strikers and tampers should be used. 
Machines should be so constructed and operated that 
they strike off and thoroughly tamp the concrete. 
They should be so constructed that they may be 
readily operated over the same area repeatedly. 
Machines to serve the purposes above indicated 
should be subject to the approval of the engineer. 
The mechanical device or devices used should be so 
made and operated as to leave the finished slab true 
to grade, crown, and surface and absolutely free 
from porous places. 

Hand tamping.—If a mechanical finisher is not 
used and the consistency of the concrete is to be as 
above described, after spreading the concrete should 
be thoroughly hand tamped by means of a tamper 
of the nature of a strike board operated by one or 
two men stationed at each end of the tamper on 
opposite sides of the roadway. Hand tamping 


‘should be vigorous and sufficient to consolidate the 


concrete in such a manner as to close all voids. The 
hand tamper should be followed by a final strike 
board and all operations carried on in such a manner 
as to leave the surface hehind the final strike board 
true to grade, crown, and surface, and absolutely 
free from porous places. 


Roller and belt finish.—(See sec. 40, A. C. I. 
If a medium consistency is used, the concrete should 
be spread, agitated, and tamped in such a manner 
as to insure positively the avoidance of stone pockets 
or porous places. It should be struck off true to 
gerade, crown, and surface. It should then be rolled 
by a light hand roller of approved design operated 
in such a manner as to remove the surplus water 
and leave the surface true to grade and crown. 

When hand methods of striking and tamping are 
used the final finishing should be executed by means 
of an approved belt operated in such a manner as 
to leave the pavement true to crown and free from 
waves, ridges, depressions, or other irregularities and 
with a uniform mat surface. 

Curing.—(See sec. 41, A. C. I.) As soon after 
finishing as may be possible, without marring the 
surface, the slab should be covered with canvas. 
When the concrete has set sufficiently to obviate the 
possibility of marring, and where local conditions 
permit, suitable longitudinal and transverse dikes 
should be built and water supplied to cover the sur- 
face of the concrete to a uniform depth of 2 inches. 
The water should be maintained on the surface for 
not less than 14 days. Under conditions where it is 
impractical to adopt the ponding method of curing 
the surface of the concrete should be covered with 
not less than 2 inches of earth and kept moist for at 
least 14 days by wetting not less frequently than 
intervals of 12 hours. 

Traffic should not be permitted to use the pave- 
ment in less than 21 days if the pavement has been 
subject to favorable curing conditions; nor in less 
than 40 days if subject to unfavorable curing 
conditions. 

Traffic should not be permitted to use the pave- 
ment for a period of at least three days after removal 
of the water or earth covering. 

Traffic should not be permitted to use the road 
until all dike or earth coverings have been com- 
pletely removed. 


INSPECTORS AND INSPECTION. 


Inspectors.—Inspectors should be selected with 
great care. 

The remuneration of an inspector should be 
sufficient to secure a man of the following qualifica- 
tions: Practical experience, knowledge of specifica- 
tions and construction, absolute integrity, quick 
decision, sound judgment, forceful personality, 
common sense, and the ability to command the 
respect of the contractor. The inspector should 
have broad perspective and should be able to dis- 
tinguish between essentials and nonessentials. It is 
recommended that inspectors of concrete construction 
begivena preliminary course of training in their duties, 
including a study of materials and the interpretation 
and significance of laboratory and field tests. 


Inspection.—Inspection must be intelligent and 
thorough, and should include inspection of materials 
and inspection of construction. The nature of the 
work requires a man familiar with the specifications 
and the fundamental principles underlying each 
clause. 
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Poor work in concrete construction can not be 
corrected as the work progresses and poor inspection 
will nullify the best prepared specifications. In- 
spection should include a daily report on the progress 
of the work and should be subject to supervision by 
the proper engineering authority. 


Notes and Suggestions For Inspectors On 
The Construction of Concrete Pavements. 


of concrete highway construction, prepared 

and submitted to the Bureau of Public 
Roads by Clyde E. Learned, highway engineer, 
assigned to the Denver office, are the result of his 
experience on concrete road construction in the 
Southwest. The cuts accompanying these notes 
give details of the tools used and, while similar tools 
are commonly found on concrete pavement jobs, 
these are worthy of special study because of the 
many interesting details in which some of them differ 
from what might be termed ordinary practice. 


s ‘HE FOLLOWING notes on the inspection 


MATERIALS. 


Cement.—As all cement usually is tested before 
shipment, the field engineer should receive copies of 
these tests, together with car number and amount 
shipped. This data should be filed for ready refer- 
ence, and as the cement cars arrive the engineer or 
inspector should break the car seals and remove the 
shipping cards, which should be checked with the 
original shipping notification. 

Fine aggregate.—The fine aggregate shall con- 
sist of natural sand or screenings from hard, tough, 
durable crushed rock or gravel, graded from coarse 


to fine. The following requirements are recom- 
mended: 

Per cent. 
Total passing t-inch:- screen . =: . (325-2. ee 100 
Total passing No. 20 sieve not.less than. +...i/f2../..-:...-. 50 
Total passing No. 20 sieve not more than..............--... 80 
Total passing No. 50 sieve not more than.................2. 20 
Total passing No. 100 sieve not more than.................% 5 


Not more than 3 per cent by weight of clay or loam. 


Before starting operations on a contract the vari- 
ous supplies of sand are tested in the laboratory 
and the source of supply determined upon. Itis 
very essential to insure that the material being used 
is practically as good a quality as the sample origi- 
nally tested, and it often is necessary to determine 
upon the probable suitability of a new source of 
supply. In such cases it is necessary to make field 
tests on the materials. These tests should include 
the following: 


1. Visual inspection by means of the physical 
senses, this being to a great extent dependent upon 
the training and experience of the individual who 
makes the inspection. 

2. Grade by means of a set of portable sieves, the 
set to be made up of a }-inch screen or a No. 4 sieve 
and No. 10, No. 20, No. 50, and No. 100 sieves. 

3. To test for cleanness, made by the volumetric 
method, shake a small sample of the sand to be 
tested in an excess of water in a bottle or measuring 
glass, allowing any suspended matter to settle on 
top of the sand. This test will reveal the presence 
of clay or loam but does not indicate the proportion 
in which these materials are present in the sand. 

4. To test for organic impurities, place 44 ounces 
of the sand which is to be tested in a 12-ounce gradu- 
ated bottle and add enough of a 3 per cent solution 
of caustic soda to fill the bottle to the 7-ounce mark. 
Shake well and then let stand over night. If the 
color of the solution becomes dark red to black, the 
sand contains enough organic material so that it 
should be accepted only after very careful mortar 
strength tests. 

Coarse aggregate.—The coarse aggregate shall 
consist of clean, hard, tough, and durable crushed 
rock or gravel. It shall be free from soft, flat, or 
elongated particles. The coarsest particles shall 
pass a 2-inch round opening, and not more than 
10 per cent by weight shall pass a 3-inch round 
opening or }-inch square opening. 

If gravel is used, watch it for coated material 
and clay lumps. 

The coarse aggregate should be fairly well graded, 
the following grading being recommended: 

Total passing 2-inch screen, not less than 100 
per cent. 

Total passing 1-inch screen, 40 to 75 per cent. 

Retained on }-inch screen, not less than 90 per 
cent. 

Water.—The water should be reasonably clear, 
and free from alkalis, acids, and organic matter. To 
determine alkalinity or acidity, test with litmus 
paper. Use colorimetric test to determine presence 
of organic matter. 


oniean eeeail 
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Apparatus.— 
The following ap- 
paratus for field 
tests usually will 
be sufficient: 

A set of portable 
sand sieves con- 
taining a 4-inch 
screen or a No. 4 
sieve and No. 10, 
No. 20, No.50, and 
No. 100 sieves. 

Aset of portable 
stone screens con- 
taining 24, 2, 14,1, 
2,4, and 4 screen. 

Oner250°-¢. Cc. 


graduated glass 
beaker. 

Six 12-ounce 
bottles, wide 
mouth. 


One set of bal- 
ances. 

One quart caus- 
tic soda (3 per 
cent solution). 

One 32-ounce 
bottle,wide mouth. 

One engineer’s 
scale. 


DRAINAGE AND 
PREPARATION OF 
THE SUBGRADE. 


During con- 
struction it may 
often develop that 
the plans have not 
made adequate 
provision for the 
drainage of the 
subgrade and that 


wet spots exist 
which should be 
taken care of. 


The usual proced- 
ure in such cases is 


to put in a system of tile under-drains laid in trenches 
2 to 3 feet deep, using 4-inch tile, and backfilling these 
trenches with crushed stone or large-size gravel. 
In some cases a mat of some pervious material, 
such as sand, crushed stone or gravel is laid and 
upon this the pavement is built. 
done, the mat should be drained to the ditches by 
means of blind drains. 
above methods often is warranted. 
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PLATE |. TOOLS USED IN THE CONSTRUCTION OF CONCRETE PAVEMENTS. 


In the construction of pavements it should be irsist- 
ed upon that the side ditches are down deep enough to 
provide for the adequate drainage of the foundations. 

Rainfall is disposed of by surface drainage. 
Therefore, as far as possible, the road surface, 
shoulders, and ditches should be designed and built 
with this end in view. 

As the concrete work progresses many places will 
be found where the subgrade is low and the contrac- 


Whenever this is 


A combination of the two 


tor, to save con- 
crete, May desire 
to usesand orother 
materials which 
are handy to bring 
the subgrade to its 
proper level. 
Whenever this is 
done, care should 
be used to insure 
that allsuch mate- 
rial is well tamped, 
also that the total 
width of the pave- 
ment is uniformly 
compacted and 
that a pervious 
mat of such mate- 
rial as sand is not 
used for filling on 
one side, when 1m- 
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should be checked 
so as to eliminate 
delays in front of 
the mixer, and to 
provide against 
disturbing the uni- 
formly rolled sub- 
grade. 

If proper atten- 
tion is given toroll- 
ing the subgrade 
accurately, and if 
no traffic is allowed on it after it is rolled, there will 
be no necessity for keeping one or two erade men in 
front of the mixer during concreting. 

Before placing any concrete on the subgrade, it 
should be well wet down. In the case of sand and 
gravel subgrades a large amount of water is neces- 
sary. It usually will require from 4 to 14 gallons 
of water per square yard of surface, depending upon 
whether the subgrade is of clay or sand. 
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PLATE Il. TOOLS USED IN THE CONSTRUCTION OF CONCRETE PAVEMENTS, 


CONCRETE MIXING. 

Hold the materials in the drum of the mixer for 
at least one minute. 

Do not use an excess of water in mixing, 30 to 35 
gallons per cubic yard of 1-2-4 concrete is sufficient. 

When concrete has not been mixed enough and 
when too much water is used it will be noted that, 
as the batch comes out of the mixer, it lacks in uni- 
formity. 


—. 
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Concrete should stay in the mixer at least one 
minute. This is done so that the water will be 
thoroughly worked through the mass. If a mixer 
having a chute for distributing the mix is used, a 
fairly steep slope will be required. Otherwise there 
will be a tendency to use too much water to make 
the concrete flow. It is better to increase the pitch 
of the chute than to increase the amount of water 
in the concrete, although it may be hard to convince 
some contractors of this. Ifa bottom dump bucket 
of the boom type is used watch it to see that it does 
not leak too freely and allow the mortar to escape. 


PLACING CONCRETE. 


Keep the strike board, joint installing board, 
roller, and finishing belt clean. 

Break in the strike-board men to use care in 
screeding at the jomts, having them make sure all 
excess concrete is removed, and that no low places 
are left at the joints. It may be necessary to try a 
number of men on the strike board in order to get 
those who are reliable and will take a little pride in 
their work. 

A smooth riding surface depends more upon proper 
striking off than upon any other operation. The 
smoothness of a concrete pavement is very impor- 
tant, as imperfections increase the impact generated 
by the loads passing over it. 

Work the concrete mixer uphill when feasible, 
as smoother results at the joints are thereby obtained, 

Use a notched straightedge straddling the joints 
to determine if there are any raises or depressions 
on either side. . 

When a sidewalk edging tool is used at the expan- 
sion joint, make sure that it is not used until the 
concrete has taken a slight set; also that the work 
resulting from its use shows a good, clean rounded 
edge. 

Have the asphalt joint strips kept flat before 
installing, as strips scattered all over the ground 
get kinks in them which are hard to remove and 
which may appear later in the concrete. 

Use care in installing asphalt strips, as crooked 
points in a pavement are very unsightly. 

The following method for installing asphalt strips 
produces very satisfactory results: A joint board 
is made of a 2-inch surfaced plank about 2 inches 
wider than the thickness, and 1 inch shorter than 
the width of the pavement, and is provided with 
handles at both ends. (See plate I.) The board is 
held in place on the subgrade by two or three iron 
pins driven behind it, and the asphalt strips are 
placed flat against the board. A few shovels full 
of concrete are placed against the strips to hold 
them in place until the pavement has been advanced 
to that point. As soon as enough concrete is dumped 
in front of the joint board to fill the block, work 


is started on a new block by dumping concrete on 
the other side of the joint board. 

The strike board having finished on the first block, 
and a part of the next block is ready for the strike 
board, the iron pins are removed and the joint 
board slowly withdrawn, leaving the asphalt strips 
in place in the pavement. In withdrawing the joint 
board have a man take hold of each of the handles 
and first .tip the top of the board away from the 
strips. This results in freeing the strips and keeps 
them from adhering to the board. The joint board 
is then worked slowly up and down. This action 
results in pumping enough concrete against the 
strips to hold them in place. The joint board is 
then lifted clear of the concrete at one end and this 
end raised slowly till the whole of the board is freed. 
As the board is lifted one of the spreaders follows 
along behind the board, pushing concrete into the 
opening left by the board. When the joint board is 
removed entirely, the strike board is placed against 
the projecting part of the strip on the mixer side, 
enough concrete added: in front of it to make up 
the deficiency caused by the removal of the joint 
board, and the striking off of the next slab begun. 

In place of the wooden joint board, metal strips 
can be used, these having the advantage of leaving a 
smaller space behind the filler as they are withdrawn. 
However, this advantage is more than offset by the 
fact that they are constantly being bent by rough 
handling. 

After the pavement is cleaned the joint filler 
should be cut to a uniform height by means of a 
square pointed shovel shod with two steel runners 
riveted to the under side of the blade, which is 
notched and provided with a sharp cutting edge. 
(See plate IIT.) 

JOINTS. 


Have the joints cut off high enough to provide for 
the extra volume needed to fill the space resulting 
from the use of the edging tool. After the joints are 
cut, a heavy asphalt smoothing iron is heated and 
the joints are ironed out. By doing this the joints 
are sealed and protected by a mat of asphalt. (See 


blue plate III.) 
SPLIT FLOAT. 


Use a large size split float on all joints, so that the 
pavement on both sides of the joint will be in the 
same plane. Many finishers get the impression that 
after a while they are experts and do not need a 
split float. However, under no circumstances should 
they be allowed to discontinue the use of this tool. 
(See plate II.) 

It is well to round off the edges of the pavement 
with a sidewalk edging tool. 

Do not allow the finishers to use metal floats for 
finishing, as they produce too smooth a surface. 
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PLATE II]. TOOLS USED IN THE CONSTRUCTION OF CONCRETE PAVEMENTS. 


TESTING SURFACE. 


The finished surface should be tested with a 10- 
foot straightedge laid parallel to the center line of 
the road, and there should not be a variation by 
over + of an inch in the surface over this length, and 
where variations do occur they should be gradual. 


STRIKING OFF. 


The strike board or screed is built from 3 to 4 
inches wide and about 12 inches high. Its length 
should be about 2 feet greater than the width of the 
pavement, and it should be shod on the finishing edge 
with an iron strap from + to 4 inch in thickness (see 
plate I), It should have a crown about one quarter 
of an inch greater than the crown of the pavement, 
to allow for deflections when it is used as a tamper. 
Substantial handles should be attached at each end. 

The following method is used for striking off and 
tamping the pavement surface. Have the spreaders 
keep a small wave about one inch high in front of the 
strike board the first time over, making sure that no 
daylight appears between the concrete and the board. 
The first time over advance the strike board with a 
combined longitudinal and crosswise motion,: this 
first passage leaving the surface a series of small 
transverse waves with a slight excess of concrete. 
Sometimes when too much concrete is deposited in 
front of the board it is necessary to first pull the 
concrete down to an approximate surface by means 
of the strike board, this being performed by a straight 
pull ahead on the board. On the second or return 
passage the board is used as a tamper to compact 
the surface, this being performed as follows: 


One of the strike board men holds his end of the 
board on the side form, while the other tamps the 
concrete by a succession of short, quick up and down 
strokes, at the same time advancing his end about 2 
or 3 inches each stroke, the total advance being three 
or four feet. This operation is then repeated by the 
other strike board man moving his end ahead, while 
the first man pivots his end on. the side form. In 
this manner the entire surface is tamped, each man 
covering a series of fan-shaped sections. This tamp- 
ing fills all pockets and pushes down all protruding 
stones. The strike board is then passed over the 
surface using the same motion of the strike board as 
in the first passage over the slab, and making sure 
that, during this passage, it rests on the side forms at 
all times. 

It is sometimes necessary to pass the strike board 
over the surface four or five times in order to get the 
desired results, but ordinarily the three passages 
above described, are sufficient. 


ROLLING. 


After striking off the pavement it should be rolled. 
This is done with a roller 10 to 12 inches in diameter, 
about 6 feet long, and weighing about 1 pound for 
each inch in length. The roller is provided with a 
long handle which enables the operator to reach 
across the pavement. In rolling, roller is advanced 
about 2 feet for each complete passage (see plate 
Il). The effect is that of a rolling squegee. It 
consolidates the top layer and removes practically 
all the surplus water, besides removing any trans- 
verse waves, thereby improving the riding qualities 





of the road. Do not use the roller too soon after 
striking off the pavement, as it tends to flatten the 
crown. The proper time varies from one-half hour 
to two hours, after the concrete is placed. Tne 
roller facilitates the use of the finishing belt, especi- 
ally where crushed stone is used, as it pushes down 
the sharp projecting edges and corners. It is possi- 
ble to use the roller much quicker where crushed 
stone is used than where gravel is used. 

The roller often causes longitudinal waves adja- 
cent to the side forms at the end of each crossing. 
These should be eliminated with a hand float before 
the application of the finishing belt. (See plate II.) 


BELT FINISHING. 


For finishing the pavement a 10 or 12-inch canvas 
or rubber belt is used. Tnis should be about three- 
eighths of an inch thick, at least 2 feet longer than the 
pavement is wide, and have wooden handles bolted 
to each end (see plate III). Tne following method 
produces very satisfactory results. Toe pavement 
is first gone over with the belt, using a sweeping 
stroke about 18 inches in length with a longitudinal 
advance at each stroke of from 4 to 6 incaes. On 
the return trip a shorter, quick stroke about 8 
inches in length is used, the advance being from 
6 to 8 inches for each stroke. The third and 
final passage of the belt is performed by holding the 
belt down close to the side forms and advancing it 
rapidly over the surface with as little side movement 
as possible. After the belt finisaing the pavement 
should present a smooth, uniform surface. 


CURING. 


In curing concrete two methods are in general use: 

First, by covering the pavement with a layer of 
dirt from the shoulder materials, and keeping this 
wet down. 

Second, by checking off the pavement by means 
of small earth dams and covering checks with small 
ponds of water. 

Tne second method of curing is more positive, and 
should be used when sufficient water can be obtained. 
It has its disadvantages when used on grades and 
banked curves but usually these can be overcome 
by building smaller size checks. The first method, 
4.e., covering with dirt, may be cheaper in most cases, 
but when clay or other adhesive material is used for 
covering, trouble is apt to be experienced in its 
removal, especially if traffic gets onto the pavement 
while the covering is still in place. Furthermore, 
most contractors wish to remove an earth cover with 
blade machines, by which method the asphalt strips 
at the joints are likely to be damaged. 

Curing by ponding shows up the irregularities in 
the surface and in the setting of the side forms, 
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which, while of no value in correcting completed 
work, helps to determine what improvements should 
be made on work still to be done. 

Canvas covers should be provided for at least a 
third of a maximum day’s run in order to eliminate 
sun and wind checks; also as a provision against 
rain-washed surfaces. If a surface does become 
washed by rain, sprinkle it over with neat cement 
and pass the finishing belt over it two or three times. 

When the average temperature is below 50° it is 
better to omit covering and ponding, and sprinkle the 
surface with water whenever it appears to be dry- 
ing out. 

SIDE FORMS. 

Look over the side forms every few days and note 
whether there are any with warps or deflections 
which should cause them to be thrown out. If there 
are, be sure to disfizure them enough so that they 
will not appear in the next day’s run. 

See that the contractor uses care in setting the 
side forms, and that they are held firmly to line and 
grade. Tamping with the strike board often results 
in settling them. Check the forms with a level every 
once in a while, as it has a very beneficial effect on 
the work of the form setter to know that his work 
is being checked. 

Do not let the form setters use stones to hold the 
forms up to grade, but have the contractor provide 
them with blocks. <A still more satisfactory method 
for setting forms is to drive stakes about every 8 feet 
and set the forms on them. 


CEMENT. 


Count the cement sacks at the end of each block. 
This keeps every one informed as to the cement 
content of the pavement. 

Have the contractor remove all cement sacks 
every night. If sacks are left on the work they are 
apt to be mixed with those from the next day’s run. 

In piling cement ahead of the mixer, have boards 
placed under any that will remain out over night. 


BARRICADE AND DETOURS. 


Have a sufficient number of strong barricades to 
shut traffic off of the road, and have a sufficient 
number of red lanterns. 

Detour signs should be provided, and care should 
be exercised to see that they are in place, especially 
at night. A traveler on a strange road at night 
requires a great deal of information as to the route 
he is trying to follow. This need should be met 
as fully as possible, for if it is not met barricades will 
be broken down and valuable work may be damaged. 

The local papers should be used freely to inform 
the public as to what parts of the road are closed 
and as to where detours must be made. 


Memorandum on Construction of Concrete Roads. 


By L. I. HEWES, General Inspector, Bureau of Public Roads. 


T A RECENT meeting of the Washington 

tate Association of County Engineers in 

Spokane I suggested that the study of 

labor-saving devices in the construction of concrete 

roads would be a fruitful subject for investigation 

and report. An analysis of the operations involved 
shows that they consist of the following: 
1. Collection and storage of materials. 


2. Measuring and mixing of materials. 

3. Depositing and manipulation of the concrete 
mass. 

4. Curing of the concrete in place. 

Assuming a standard design, to economize labor 
in the above operations without overburdening the 
cost by interest and depreciation on machinery 
remains the main subject. A brief analysis of the 


customary operations shows that current methods 
involve considerable theoretical waste. It is com- 
mon, for example, to elevate material several times 
before it is finally in place: (1) It is raised by a 
derrick from cars on the side track and deposited 
in a storage pile; (2) it is raised from the storage 
pule to a storage bin; (3) it is raised in the delivery 
truck and shot into the mixer skip; (4) it is raised 
in the mixer skip and dumped into the mixer. 

Any combination of these operations that would 
eliminate one or more motions would theoretically 
decrease the cost. A study of the four main 
operations is suggested by the following: 


COLLECTION AND STORAGE OF MATERIALS. 


The collections and storage of materials tends to 
be on an increasing scale as operations demonstrate 
the economy of longer jobs. Limitations on the 
length of a job appear to be (a) financial; (6) sea- 
sonal; (c) organization of construction operations. 
The financial limitation could certainly be overcome 
by more intelligent administration which could 
concentrate funds allotted for several years or 
borrowing money by bond issues to make funds 
available. The season limitations in the length of 
jobs must be overcome by the early execution of 
plans and contracts and by the use of larger machine 
units or a larger number of smaller machine units, 
The organization of operations tends to greater 
speed, but offers much opportunity for betterment. 

[t is reasonable to assume, therefore, that an 
analysis of a possible method for handling larger 
jobs is pertinent. For such larger scale operations 
materia! will doubtless be delivered by freight at 
railroad sidings. The use of a derrick and bucket 
to unioad cars into bins or storage piles has already 
come. Recently measuring bins have been added 
to the storage bins and motor trucks with batch 
compartments have been used to transport the 
partially mixed sand and aggregate to the portable 
mixer at the point of placement. This chain of 
operations has eliminated the services of a number 
of shovelers at the cars and the mixer, but is not a 
further combination of the process possible? 


MEASURING AND MIXING. 


In the process of collection and storage outlined 
above, the measuring of the sand and aggregate has 
occurred in the measuring bin and is preserved in 
the compartment motor truck. A discussion of the 
relative cost of an increasing size of the measuring 
bin or an added number of measuring and storage 
bins as against the cost of a second elevation from 
the storage piles to such bins is open for investi- 
gation. It may be assumed, however, that the 
economy of the measuring bin in itself is undisputed. 
Is it not possible, then, to use the potential energy 
of the sand and aggregate in the measuring bin to 
combine and mix them when passing from the bin 
to the motor truck or conveyor to the job? The 
mixing of dry aggregate and sand, or of the com- 
plete list of concrete ingredients is now based some- 
what on the principle of the mixing bowl in the 
kitchen. Essentially, however, mixing of different 
ingredients requires their dispersion in order that 
they may recombine in a homogeneous distribution. 
Possibly a combination chute for sand and agere- 
gate passing from the bin to the truck could be 
designed for simultaneous dispersion and recombi- 
nation of these materials. 
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CONCRETE MASS DISTRIBUTION AND MANIPULATION. 


The transportation by motor truck, or otherwise, 
of the sand and gravel to the mixer is really a part of 
the operation of depositing the concrete. While the 
truck-haul method is doubtless superior to piling 
sand and aggregate along the subgrade and the use 
of shovels and wheelbarrows, it is not yet perfect, 
for it is necessary (a) that the truck more or less 
damage the completed subgrade, (6) that the motor 
truck turn around and back up to the mixer to de- 
posit the sand and aggregate in the skip. The 
damage to the subgrade is particularly severe in the 
turning and the loss of time correspondingly great. 
The actual mixing time while the batch is in the 
mixer is but a fraction of the interval between the 
arrival of the truck load of mixed sand and aggregate 
and the depositing of the wet concrete on the sub- 
grade. The progress of the work is largely limited 
by the speed with which the material arrives. 

If wooden header planks, “ribbons,” or side forms 
for the concrete road were replaced by channel irons, 
such irons could probably be used as rails and 
material brought to the point of placement by a self- 
propelled truck running on this broad-gauge track. 
Already machines spanning the width of the paved 
way have been used in so-called monolithic brick 
construction at Paris, Il, and on the Wayne 
County, Michigan, roads for tamping and smoothing 


concrete. 
MUST CONSIDER OBJECTIONS. 


It might be possible to go a step farther in the 


construction operations on concrete roads and: (a) 
either mix the concrete in stationary plants or by 
semiportable plants at a limited number of positions 
and dump into a swiftly traveling carriage running 
on the side channel rails to the point of placement, 
or, (6) to introduce the dry ingredients of the concrete 
properly mixed into a modified carriage and to 
perform the necessary mixing and addition of water 
in the combined mixer and carriage while in transit 
to the point of placement from the measuring bins. 
Both methods offer objections to be considered. 
Concrete must not be ‘‘killed”’ in transit and under 
method (6) it would be necessary to operate heavier 
rolling units on the channel rails and they would 
require careful foundation to preserve the grade. 
There is apparently no reason why such broad-giuge 
channel rails. could not successfully be constructed 
with the necessary switches, turnouts and loops 
connecting the road to be constructed with the rail- 
road sidings or sources of material, but ample play 
for wheel flanges would be required on the sharper 
curves of highways. The possibility of increased 
speed with a number of such rolling units combined 
with the use of approved striking, tamping and 
smoothing machines deserves consideration. 


CURING OF THE CONCRETE IN PLACE. 


Additional speed in handling the curing process of 
concrete roads may be secured by mounting the 
canvas protection on rolling frames at any desirable 
height above the surface of the road. Such an 
arrangement is particularly desirable to protect new 


work from sudden rain and may be designed with an_ 


outer flange wheel. The necessary water supply for 
curing the concrete must be planned with great care. 
The system of flooding the surface in “checks” is to 
be preferred wherever the prevailing grades will 
permit its use. 
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FEDERAL-AID RECORD SHOWS 
BIG ROAD-BUILDING PROGRAM. 


WO SIGNIFICANT facts feature the record of 
Federal-aid projects considered during March. 
One is the large number of project statements 
approved and which went to final agreement, the 
.estimated cost of the roads, and the amount of the 
Federal allowance. The other is that 30 per cent 
of all the mileage is to be of brick, concrete, bitu- 
minous, or other high-grade type with a high average 
cost per mile. Many of the projects calling for such 
construction are for roads 8 to 30 miles in length, 
indicating that in nearly all parts of the country 
road officials, supported by the people, have made 
up their minds that construction of permanent high- 
ways to meet every traffic condition is demanded 
and is the economical solution of the road problem; 
and that well-defined systems of roads have been 
adopted. 

Never before was anything like such activity shown 
in highway construction. Thirty-eight out of the 
48 States were represented in the projects approved 
or which went to final agreement. Practically all 
the States not appearing in the month’s record have 
recently had many projects approved or agreements 
signed. 

Project statements approved during the month 
numbered 103 and the agreements signed 47. Four 
projects were both approved and went to final agree- 
ment during the month. The estimated cost of the 
1,270.22 miles of highway to be built under these 
projects is $17,558,610.32, and the Federal-aid allow- 
ance is $6,739,839.11. These figures greatly exceed 
those for any previous month since the Federal-aid 
law was enacted. The 103 projects approved call 
for the expenditure of $14,425,114.87, for which 
there is a Federal-aid allowance of $5,462,156.72. 
The 47 agreements signed carry Federal aid to the 
amount of $1,471,189.80, and an estimated cost of 
construction of $3,536,153.51. 

Included in the new projects approved are three 
for roads which will cost over $1,000,000, two of 
which will receive Federal aid exceeding $500,000. 
The largest project is in Illinois. It is to be con- 
crete, 61.80 miles long, a part of the Lincoln High- 
way, running across Sangamon, Menard, Mason, 
Peoria, and Tazewell Counties. The estimated cost 
is $1,596,996.60, greater by $281,000 than the next 
largest project of the month and far greater than 
any previously approved for Federal aid. ‘This is 
an average of over $25,841 a mile. The Federal-aid 
allowance will be $618,000. 

Pennsylvania has the honor of submitting the 
next largest project approved, 29.9 miles of road in 


Adams, Cumberland, and York Counties, to be 
concrete or bituminous construction, at an estimated 
cost of $1,315,600 and with a Federal-aid allowance 
of $598,000. 

A single county in Kansas, Finney, will build a 
28-mile brick road to cost $1,296,996.60 according 
to the estimate, for which there will be Federal aid 
to the amount of $194,416. This road will cost over 
$46,289 a mile. This is not the only county in 
Kansas at the front with an important project. 
A Sedgwick County statement approved is for 12.5 
miles of brick road estimated to cost $574,366.64, 
or over $45,849 a mile, while a project in Shawnee 
County for which an agreement was signed is 
for 10 miles of brick highway estimated to cost 
$472,970.17 at the rate of $47,297 a mile. The 
Federal allowance for the former project is 
$143,591.56 and for the latter $109,749.18. Of 
eight Kansas projects considered during the month 
five were for brick or concrete roads, one for mac- 
adam, and two for gravel or macadam. Three of 
these projects Were revisions increasing the amount 
of Federal-aid allowance, the estimated cost being 
increased in one case. The total allowance to: 
Kansas roads for the month was $677,106.05, and 
the estimated cost of construction reached the note- 
worthy sum of $2,689,444.22. The latter was 
greater by $1,092,449.62 than the estimated cost of 
projects from any other State, while the former 
was exceeded in only one State, and that by less 
than $1,000. 

The largest allowance for the month was to Mary- 
land roads, $678,001.46 for 7 projects covering 41.42 
miles of concrete construction, estimated to cost 
$1,365,600. The Illinois and Pennsylvania projects 
mentioned, in each case the only project from the 
State approved or reaching a final agreement: in 
March are third and fourth in the total allowance 
to a single State. 

Other States prominent in the record for the 
month include Michigan with a total allowance of 
$333,861.12 for 5 projects, estimated to cost 
$751,557.43; Georgia, with 12 projects estimated to 
cost $683,166.63 and an allowance of $333,628.42; 
Ohio with 6 projects to cost $1,054,030.21 and an 
allowance of $316,133.33; Missouri, 5 projects, esti- 
mated cost $776,406.05 and an allowance of 
$250,720.29; New Jersey, 2 projects for 10.744 miles 
of concrete roads, having an estimated cost of 
$732,360.51, for which the allowance is $107,440; 
and Wisconsin, which had 16 projects approved 
and 2 for which the agreement was signed. The 


total mileage of these Wisconsin roads is 72.93. 
are to be gravel roads, and the total estimated cost 
is $585,009.16 and the allowance $194,593.47. 


N 


other State had so many projects considered. 


Georgia, with 12 came next to Wisconsin in 
the number of projects, Montana and Nebraska 


All 
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The 


the 


State’s 


projects 


The Nebraska mileage, 162.71, lead all the rest. 
allowance for 


was 


0 $184,077.50, with the estimated cost of the roads 


$368,353.70. 


following with 9 each, while Virginia presented 7. 


RECORD OF FEDERAL AID PROJECTS IN MARCH, 1919. 


The Wisconsin and Illinois mileage 
followed that of Nebraska, while that of Georgia, 
60.7884, was fourth. 





























































' Project | Project i 
° — HS 
State. can County. Se Type of construction. ee arene Heine Federal aid. 
approved,| signed. 
| 
AJA ORIN Y «osc sere ce 334|DalOweten weenie nee eres 2.72 Sand-clay ss 1 -sa on eee ae oe eee eee Mar. 5 $16, 292. 61 $8, 146.30 
37.| Jacksonte< 2250 82.02 sh meee. ac Ts L788 Het okie dacs ex tic Pence ocleieeice.. somite etstesiaias tama doeee 33, 964. 92 16, 982. 46 
AU" Pikes Aas ceesc oc cineecee cece 6.89 pand-clays. ssscces. sensor reer MartP21 iseecscc cee 32,907. 93 16, 453. 96 
AvizOnas2 2 o.eeesees Ss INAVAJO Soc ccneeaenier et temes chy 3.22 Gravelagefe ine .sene sae castes ete acteeiae sea Mar. 4 37,414.16 18,707.08 
7b Pinel sere sion ee ceehccnaacerece 12.707 | Earth, surfaced in part.......-.-. Mar pelOs| Beers 122, 667.91 61, 333.95 
Arkansas.........-- 199) ‘Craishead tae 2 aacseseceeaee ne 5.00 Asphaltic concrete..........---- Marsen7: |e see ee 102,013.56 30, 836.16 
Coloradon=e-eee ees 9)| Darimersves-s-ses eae eee ace 20.00 Barthitcscetc-- cose seas omese eee ee (ite Ss Preaeasods 89, 980.00 44,990.00 
10.) A daans!s 08. SSeeeee see eee 2.00 Concrete or bituminous....-..--- Mart Lilo. tae 42,999.87 21, 499. 93 
12: (W eldcceneeeatne es cere eee ene HEU UR wiceaae 6 LOH Oy Soe Eee ie ae Mare 25 Fhemcmcciaas 20,999. 47 10, 499. 72 
Melawaresens Jose ses 3) Kentiand Sussexe..tsaeee eee ee 4.00 Concretess. 222 te eae een ses Mars 5) |Sasseecene 174,075.00 32,553.78 
A CSUSSO xs oe cote eee coe eee Pee leeoee G0 Sees eee oer Mar. e3iiisetes sone 177, 936.00 87, 800. 00 
Ploridgsct?tes-ccees 3.) Jackson 2.2205 CaN ee ee tenses: ae cereee BLidge nest se ss Bae sae sae sa ene erclests Mar. 31 204, 714.73 102,357.36 
6 ncts Gare Sire es ce Oreo Eero 5.59 Sandscla yews: cnc ocma tena oes toe te eee Mar. 18 21,481.21 10, 740. 60 
9) ELolmes ss sete eee eee eesoe eee cere Ball eae aes CO Reet at Fo5 de lal ae ence astro = lseeeee eee Mar. 19 25,525.06 12, 762.53 
105) (Colum biaaweaeseecemeseeose eee Oil Gre alee GOnate coc onsto ens soe en cece Mary (al ayeecas se 25, 048. 87 12,524. 43 
11 | Duval, Nassau, Baker.-........-- 16.6110 bees OCGA, > See SEG 4 Gi ciel et Soe Mar 1Ouliceeecscee 82,101.12 41,050.56 
GCOnvider ses ae enn 8 | Montgomery and Wheeler......-. 6 Includes Dridgeassse- eeck ore e sl sscooe sees Mar. 7 156, 839. 73 78,419. 86 
9 | Rabun 223s. Sack eoetercess.- 7.88 Graded and drained earth.....-..|.-.-.-.-.- Mar. 26 89,677.68 44, 800.00 
11) Lowndes!) nc. cmeeaecer = sae 42 Two bridgess: aoe Sse ee oe aesteee = Mar. 11 §8, 235.57 24, 906. 43 
12 TEE | Goes GOs Ree eae RRA oboe cer Mar. 14 63, 033.06 30, 000. 00 
15) |) COWeta. cee soe eslecie elec tel seicelss eee eee eee eee Pop: soiltorisamd-cla yee eee oe | asineterusicias Marie 17: (Stee see sate 13,000.00 
20 14. 967 TOP-SOUMGt eet ponte te ore e et ae | tte ae atc Mar. 28 64, 803. 45 30,000. 00 
21 87143 Bie Lopisoll omsand=clayeeene tee isos \cteterrn cette Mar. 13 36, 516. 64 18, 000. 00 
22 9.9962 16 Top soils fecaanese. cate m tenes j 42,239.54 20,000. 00 
24 11.6049 | Gravel and topso: 83,418.31 40,000. 00 
32) Columbia sian. ssatu sean ere aleee eee eee Topsoil or'gravelie.ve-coreceeee| eee ee ence Maral OM meee ane eee ce 1 900. 00 
34 | : 6.42 Topsoil: We asec ceeee se eeeeeeece 33,186.39 16,000.00 
38: Brooks S32. FIRS ee Pee eee Eee eee 10 brideesh se eee 55, 216. 26 27.608. 13 
Idaho s-seeens. see 3) Custer: Jo cceuc eerie te ee ene Graded: earth 2.) aeecseee cole ceneee cen eM LOr 26; eneeeaceen eee 19,586.36 
2 advo ae BA RS SOSA OOO ra ab soo sate seadcoasiksete CO Sea chee Sones ae eee 1116.79 1 reve 
areeoe Oe si0ss sania Ga Qoinre ilo ciatere abate Sarceeae ate eels ele eae CLO male eter eens erate eree errs =| Srdte raveietayeiane ates nets 16,241.89 
WU Yo) RES sane ese 6 | Sangamon, Menard, Mason, , 61NS0 Mage Coneretenesssceseoeee meee ee cee es 1,596, 996. 60 618, 000. 00 
L Peoria, Tazewell. 
KANSAS ec taen sas ce _ ae SEA ee AAA Mean eo Se 8 1 pees 1 Pore: 
wee WU cc wcrc meee cece c ence esse el icc ccc ce eeslocce UUs caw ccc ccc ccc ccc ccc sec eae 1 , . 1 , . 
4 | SNS WICC eae ae eee eee ence 10700" Concrete eases sce cs ee eto ee 472,970.17 109° 749. 3 
boast ee het sii sera en oat gees] see 
20:| "Finniey..4. ase ie ee oe OS 00 ie do cerns ay kien eae nee 1, 296, 109. 34 1947416. 00 
24) Sedewick.) ni sisstseeceeee eee: 12°50 Poses SAO LE Sages eee : 574, 366. 64 143,591.56 
25 1 Wyandotte nv. eae eee 3.75 111, 941.50 55,970. 75 
Kentucky.........- Bil Mercer... 2. ces oe eee 5.00 ll Macadam . Dobpis Ti Sass 42/909. 47 21, 454.73 
Louisiana.......... 21 | Baton Rouge: ..... sts hoee 11. 695..1 Gravel cjah kool cc necueee eee 72,994.35 32/000. 00 
Wn sOvachitace. cece. eee ee ee 6.33 44,504.13 22, 252. 06 
SINICA OYOLLCS as.~ 2 een one 4.27 38,182. 64 19,091.32 
Maryland........... 44Gatrett....<0c)eccsac ee 2.12 50, 018. 32 21,200. 10 
8 Ealbotssn iain eee eee 13.10 453. 860. 00 226,030. 00 
9 |Proderick-40 9G: 9) tien ome 5.50 170, 500. 00 85,250.00 
10 | Montgomery..........---0c.-0e- 8.20 254, 100.00 127,050.00 
ets conte eee Ae eee see - An 63,342.73 31, 671.36 
Yarroll . Sov Se ee ae Seed : i : 
Massachusetts. ....- 17 J eMiddlesex tenet ane sk eee oa 849 aaa) oor ms ey nye He 
Michigan........... 245 Berrien. Jose seeeet. fe eee 7.915 | Macadam surface treated......--|.-...----- Mar. 24 173, 739. 26 73, 823.29 
28) |; branch Sat eeepees Setar eee ee 5.092 | Concrete or bituminous....-..--.- Mar: 5iladeocossee 122, 952. 50 50, 920. 00 
SON CASS... iene ses acco es eee UU RR SBRS A (6 Fe ery pe Renee erm MEI Mar itponserrccetses 178, 530.00 70,950.00 
B24, Bllecan Soe ee eat eee eee 7.00 Concrete. seme. socks son eee oe Mari28: ies Sate 194, 480.00 97, 240.00 
; 344)  Washtenawitesss oe. < ochre a snes 2.483 -' Concrete or bituminous. -2-..--+|-2s-e--+e. Mar. 29 81, 855. 67 40, 927. 83 
Minnesota. . ... aac 21 | Wabastian: se "ee eee ceed 13.96 Graded earths. eee tent ses | Be nae Mar. 20 45,984. 27 15,000.00 
20 4 SUCALTIS sare tin tne oie oc cae eee 20.04 CAVOL ete eee pee onan Mar. 7/| Mar. 26 106, 749.12 50,000. 00 
' P 20. /SOUtertalle tee. ase sae eee meee 19/80 Mlass Co Re ries Sr rk ore IE God Si Marea’) Seee cassie 100, 982.35 45,000.00 
Missouri...........- G5) Cleves an ee ee 22.50 | Bituminous macadam.........-- Marse10 3) eae 355, 157.44 88,789.36 
107 (SCotts eee. n.. koe eee 27.50 Gravelasiae. soe se eee ee aeee maa loats a SIERE ee eee 198, 774.68 49, 693.97 
U1 pcialla way. 250: ieee ee 7660 el dO ne estes eng eae soe ea. Mar. li 45, 898. 19 22,949.09 
17 || dasper2iee oso Seen ee: 6.10 | Coneréte.....-.c5)ccceclelbsee Marvy eset 30 120, 505.00 60, 252. 50 
18) | Jacksons. oct sc-s Sena ee eee 3.10 | Bituminous macadam.........-- Mar 10}! cae aeecee 56,070.74 28, 035.37 
Montana........... 12 | Gallatin, Broadwater. .........- 3.25 Barth egtk Ota 2 ee Oe dole: alae ae 21, 868. 00 10,984.00 
290 Ravalli.<. <:..& eee = ee 6.00._.\"Gravel. 28 ies bien ee eae! CO aiowiedate wee 19, 173.55 9,586.77 
98:||, Ferguss. |), 552. eee ee 9:50:11) Barthite eats. ork ee ote oo Si dobasdl. cies Geter 19,999. 99 9,999. 99 
i eee a ei, aA so a 8.00), ice. do. see ts: pa eee eee da = SaiLeet arene 19999. 99 9,999. 99 
7 ee dé: 5 a aera 7 OOo bs ee dosiblc. itch one AE: (odo piedictic 2a 20; 109. 99 10,054.99 
34 ox GllOWStONOSs. 5c sec sees | eee eee Bridge over Yellowstone River..| Mar. 21 |.....-...- 165, 000. 00 82, 500. 00 
36 || Wibattxs.d).c8) suet ese ees 4.501 Gravel .eoek cee ee aS Martls 34 c.4..0e 16, 002. 25 8,001.12 
37 | Powell... eee: 14,507.90 7)253. 95 
Nebraska........... 11 | Elwood and Smithfield.....1.7! 13700. 00 "0/350. 00 
2 Downes ee ee 9410.00 | 34770500 
20 | Burt and Washington........... 112008. 70 1 405. 00 
25:| Gage and Jefferson....... 2.22... 54,972. 50 27, 486. 25 
28 | Cass and Otoe............2.2.... 57, 750. 00 28, 875. 00 
é 27,005. 00 13,502. 50 
Sl 
; 292. 646. 2 
Nevada............. 47,070. 08 93,535. 03 
51, 726. 95 25, 863. 47 
108, 668. 45 54, 334, 22 
109, 828. 40 54,914, 20 




















1 Revisions. Figures given are amount of increases over estimated cost of project and Federal-aid allowance in previous project statement or agreement. 
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ee : hy Project | Project 
en n ; -0- s i ; 
State. btits ta County. mete Type of construction. a per peng Federal aid. 
approved.) signed. 
New Hampshire... . 2.1) Cheshire Mie. cece oe ae ce on Det ae ee ae eee Gravel and macadam ).-....2..c}ee-...ce0- Mar. 14 13, 861. 66 11,000. 00 
| 1h COO Sate Reena te wae eh camera aes Bi hIMInOUS MACaAdaiNset ace eases eee Mar. 28 13,993. 01 11,973. 88 
20 | Merrimack, Grafton...........-.. Te SOAS GTS V Cllr armen eee ete Nes ae kien Mar. LOS i eae seas 15, 988. 50 7,994, 25 
New Jersey......... Ql Mercery.... 1. Roe ee ee eee 6+90%)« Concreteries 7.ccee eee eee = Mar Lite 486, 673. 88 69,000. 00 
: 3 | Somerset and Middlesex.......-. Deed: eae C6 Co pee AR RE a Re ieee Sh ee a Ee ee at i ea ee See 245, 686. 63 38, 440. 00 
New Mexico........ OG DOrnalilloaseees: tee eer ae O62) ise ce GO SR Sar e Se oe Sete So 3 Maree holo. erre tens 184. 126. 47 92. 063. 23 
New y Ork.2 2-2 25s- 18 BYNG Se Fens eee. eee 5.58 eee macadam or con-| Mar. 6 |.......... 111, 600. 00 55, 800. 00 
rete. 
( DOM Dis Waresace ) aaeee en ae cae Dat O4 BitIMINONS 228 ose aoe eee ete Marpopelssa ee. ass 118, 400. 00 59, 200. 00 
North Carolina..... Soa Monteomenrve ceeewsniatcumere oe ae LOE (Sin We LO PSOLL 2 ocane nec feet ele sone Maries Fellpeh aad: oe 21, 693. 51 5, 000. 00 
36) Darrhami Se. tose foe reese Asm CONncrete and top sollassesse cece. soon cose Mar. 19 193, 429. 73 23, 000. 00 
8: | Rockinghsin 2.024. Peses. ne. 46094 WTO DGolh niet ton et ee al ee Mar. 18 33, 187. 55 12) 100. 00 
North Dakota...... 35 ti Lognin eset ep ete po. OUP Barth ii ie PPG A 2: Marl wa)... ue 33, 000. 00 15,000. 00 
36) Barnes sit aed Mien wee. 50. 50 ; a 63, 822. 00 15,938. 67 
SOE GPaNnbe es..220 Lee ee ec aeecn ee 16. 50 40, 000. 00 18/151. 18 
41 | Grand Forks 21.00 29) 992. 60 14, 996. 30 
OMidts ces 3.02523 8 | Knox 4.12 173, 000. 00 33,333. 33 
29-| Scioto 6.90 254 102. 51 69,000. 00 
30 | Delaware 6. 20 217, 660. 30 62).000. 00 
31 | Union 8.38 296, 366. 40 83) 800. 00 
32 | Crawford 2. 80 134, 000. 00 28. 000, 00 
33 | Clinton 9.17 132, 000. 00 40,000. 00 
Dregons ee 2332 17 | Malhuer SIMD. WaWarthist lee ch ee, ge tes Mar. 97 |...22..5.. 69,300. 00 29° 650. 00 
P TSisier OLR ene ens eee ee ce (00 Si PElarcsunta Comers sere aee eee aoe Maria eee ee 155, 133. 00 70, 000. 00 
Pennsylvania... .... 20 | Adams, Cumberland, York....- 29.90 | Concrete or bituminous. ......-. Manvt28ell Seneeree 1,315, 600. 00 598, 000. 00 
Rhode Island... .... Duy Washineton coe. stance ne ceer es 204 bituminous macadamess. soe. sscle sescsce. = Mar. 19 90, 714. 25 40, 800. 00 
Si eer Phe eet sien SUPER eee Re hy hes ke 0 erie Se RS Sak 1 I Mar. 4 39, 886. 00 11,500. 00 
Aen CORE eee see ite ean, 4.98 BitimMINO Uses ose Rees eee Marce Tar 2o8 se oe 178, 406. 53 89, 203. 26 
South Carolina. .... IE COS LOL CLG rep ctees merit areca arate cee ae Gravelee saa. faa ee eee eee ea lee een eee Mar. 7 1 Ly 236. 10 1 1.915 00 
On @harlestoneee- cee ance ee eee. A OOS MC ONCTCLOS eS a eee eee eee Mar rol Seas =o 130, 454. 26 40, 080, 00 
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1 Revisions. Figures given are amount of increases over estimated cost of project and Federal-aid allowance in previous project statement or agreement, 


LOUISIANA ROAD WORK. 


The office of the State highway department of 
Louisiana reports that it is fairly deluged with ap- 
plications for highway construction, and that it can 


ing of a part of the Dixie Overland highway, from 


Vicksburg, Miss. 


not hope to make the surveys required in time to 


please the people of all the parishes. 


Within a few 


days applications were received covering road con- 


struction in Concordia, Madison, St. Bernard, and 
Cameron Parishes which will mean the expenditure 
of at least $2,000,000 and the building of 200 miles 


of roads. Most of this mileage will be of Federal- 


aid roads. 


The Madison Parish projects represent the con- 
struction of a section of the Ozark highway, a short 
cut from New Orleans to the North, and the build- 


the Richland Parish line to the Mississippi River at 


This will complete Louisiana’s 


portion of the Dixie Overland. 


ILLINOIS BOND ISSUE VALID. 


The Supreme Court of Illinois has decided in a 
test suit that the $60,000,000 roads bond issue ap- 
proved by ‘the voters last November is valid. The 
suit was a friendly one, brought that a decision from 


the court might be secured which would remove all 


doubt as to the validity of the bonds, so there would 
be nothing in the way of carrying out the program 
of road building authorized by the vote. 
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THICKNESS OF CONCRETE SLABS 


Report on Pressure Measurements Under the Camp Humphreys 
Concrete Road 


By A. T. GOLDBECK, Engineer of Tests, Bureau of Public Roads 


T THE present time it is impossible to calcu- 
late the proper thickness of a concrete road 
slab with much certainty. It is known that a 
thicker slab is required where the subgrade is soft 
than where it offers a good bearing, and that heavy 
loads require a thicker supporting slab than light 
loads; how much thicker, however, has not been 
determined. The stress in a slab depends upon the 
bending moment produced in the slab, and this in 
turn is dependent largely upon the distribution of 
pressure over the subgrade. 
It is recognized that ununiform subgrade pres- 
sures are due to causes other than the heavy traffic 


TEST MADE ON 8-INCH SURFACING. 

The site of the present investigations was at a 
point 5.9 miles south of Hunting Creek, Alexan- 
dria, Va., at survey station No. 302+30, opposite 
Chesapeake & Potomac telephone pole No. 286 on 
the concrete road between Camp Humphreys and 
Alexandria. The road surfacing at this point is 18 
feet wide, 8 inches thick at the center, and 6 inches 
at the sides. A 1:1-1/2:3 gravel concrete was used, 
having a crushing strength, as determined by 6 by 
12 inch cylinders cast in the field at the time the 
road was laid, of 3,190 pounds per square inch. 
The aggregates in the concrete at this point were 
Potomac 
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POSITION OF THE FOUR PRESSURE CELLS IN MAKING TESTS. 


loads carried by the slab, but this investigation was 
initiated more particularly to discover how the road 
slab is stressed directly under the wheels of heavy 
trucks and to determine whether this stress is apt to 
be a governing influence in the design of the slab. 
This test is to be considered only as one of a series of 
investigations outlined to include an adequate range 
of the different varieties of subgrades and_ slab 
thicknesses. The thicker the slab, the greater will 
be the distribution of a concentrated load over the 
subgrade. For a given load, therefore, a higher 
bending moment should be produced in a thick slab 
than in a thin one. The softer the subgrade, the 
wider will be the distribution of the subgrade 
pressures. ‘Thus, an almost liquid subgrade Should 
receive almost uniform subgrade pressures from 
traffic loads, whereas a well compacted rigid sub- 
grade would probably bear the entire wheel load 
over a relatively restricted area. A soft subgrade 
should, therefore, produce higher bending moment 
than a rigid subgrade. 
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and soft. The soil 
is composed of a 
sticky clay, which, 
when wet, has very 
low bearing value. 

In order to meas- 
ure the pressure 
distribution, four 
pressure cells designed in the Bureau of Public 
Roads and described elsewhere,’ were placed on the 
subgrade at station No. 302 +30, with their weighing 
face down. The position of the cells is shown in the 
accompanying sketch. One-eighth inch pipes con- 
nected with the cells lead across the subgrade to the 
cutter and terminate in concrete boxes placed there 
for their protection. 
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THE PRESSURE-MEASURING INSTRUMENT. 


The principle used in the device for measuring the 
pressures is that of (a) equilibrating the subgrade 
gerade pressures against the exposed face of the 
measuring cells by means of air pressure within the 
cells, (6) detecting the instant this equilibration 
takes place by the breaking of an electrical contact 
within the cell, and (c) reading the air pressure on a 
delicate pressure gauge connected with the air pipe 
leading to the cell. This cell consists of a hollow, 


1The Distribution of Pressures Through Earth Fills, by A. T. Goldbeck in 
1917 Proceedings of the American Society for Testing Materials. 
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flat cylinder capped with an exceedingly thin brass 
diaphragm clamped between two cast-iron disks. 
The entire device is encased in a waterproof coating 
for protection. The lower cast-iron disk “B” 
presses against the steel button ‘‘E”’ with a pressure 
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Material: 

A,B,C -Cast Iron 
D-Malleable Cast |ron 
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VERTICAL SECTION 


CROSS SECTION OF DIAPHRAGM CELL FOR DETERMINING SOIL 
PRESSURE: 
equal to that exerted by the subgrade against the 
cast-iron disk ‘‘A’’, 
When taking pressure readings, an air hose lead- 
ing from an air-pressure tank in the indicating box 
is connected with the 44-inch pipe leading to the cell. 





INDICATING BOX FOR MEASURING PRESSURES. 


Electrical connections are then made, one of them to 
the %-inch pipe, and the other to the insulated wire 
inside of the pipe. When the circuit is thus com- 
pleted a small electric light in the indicating box is 
lighted. Air is now allowed to escape from the 
pressure tank into the cell, and the air pressure within 


the cell gradually increases. When the pressure 
within the cell very slightly exceeds the subgrade 
pressure on the cell, the diaphragm is moved, per- 
haps not more than one ten-thousandth of an inch, 
and electric contact is broken between the cast-iron 
disk “B”’ and the steel button “FE.” The electric 
light in the indicating box is thereby extinguished 
and the air pressure is instantly read on one of the 
two large gauges shown in the illustration. The air 
pressure is immediately released from the cell in 
order not to invalidate future readings. 


REACTION PRESSURES NOT UNIFORM. 


All of the pressure readings taken up to date are 
shown on the curves, reference to which reveals the 
striking point that under zero load on the slab, the 
reaction pressures under the slab are not uniform, and 
moreover they are far from constant and vary from 
day to day. The curve shows this variation very 
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@*= suST BEFORE APPLYING A HEAVY LOAD 
b+ JUST AFTER REMOVING THE HEAVY LOAD 


CURVE (1) SHOWING RECORD OF PRESSURE READINGS. 


plainly. It has been observed that when readings are 
taken after the passage of a heavy load over the 
pavement there is enough disturbance of the sub- 
grade to change the pressure readings very ap- 
preciably. ; 

In order to determine the distributuon of pressures 
under heavy wheel concentrations, a class B standard 
Army truck was loaded with 5 tons of sand. The 
front wheels and rear wheels of the loaded truck 
were weighed separately and the axle loads were 
found to be 5,000 pounds and 17,000 pounds, re- 
spectively. 

On February 5, 1919, a test was made on the 
Camp Humphreys road with this loaded truck. It 
was backed 1 foot at a time up to the central 
measuring cells, Nos. 2 and 3, beginning from a posi- 
tion beyond that at which the readings of the cells 
began to increase on account of this heavy load. 
When the rear wheels reached a position directly 
over the cells, the truck was backed 1 foot at a 
time still farther until the front wheels were just over 
the cells. During the progress of the test it was 
necessary to drive the truck away from the test 
location several times in order to allow traffic to 
pass. 


As a second test the truck was backed with the 
wheels as close to the side of the road as possible so 
that they would be made to come directly over cell 
No. 1 placed at the extreme side of the road. The 
pressure readings obtained may be seen best on the 
curve 2. Referring to curve 2, note that as the 
truck was gradually backed up, the pressures on 
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CURVEZ(2) SHOWING, DISTRIBUTION OF PRESSURES—LOADED 
U. S. ARMY TRUCK. 


cells jNos. 2 and 3 gradually increased and reached 


a maximum with the truck wheels directly over 


these cells. As the truck continued still farther, 
and the [rear wheels were 7 feet away, the pressures 
again became very small and as the backing con- 
tinued_and_the influence of the front wheels began 
to be felt, the pressures again increased. Cells 
Nos. 1 and 4 showed readings of 6.7 and 2.3 pounds 
per square inch, respectively, at the beginning of the 
test, but as the truck backed up along the center 
of the road the pressures on these cells decreased 
apparently because of the downward bending of the 
slab at the center, which depressed the subgrade here 
and permitted the extreme sides to be raised slightly, 
thereby relieving the side subgrade pressures. 
VARIATION OF THE PRESSURE. 

From the curve of pressures it will be seen that the 

highest intensity of pressure exists directly under 


the load and very rapidly dwindles a short distance 
away from the lead. The influence of a single wheel 
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load of 8,500 pounds, such as was borne on the rear 
wheels of this truck, is felt over an area having a 
radius of about 6 feet, although the greater portion 
of it is carried to the subgrade over a radius of 4 feet. 

Cell No. 3 did not receive as much load as cell 
No. 2 owing to the arching of the concrete over the 
subgrade at this point. A considerable load was re- 
quired here to deflect the slab enough to bring it in 
contact with the subgrade. When the load was 
removed from this part of the slab it sprang back 
into shape, away from the subgrade, so that no 
electrical contact was made in cell No. 3, thus 
showing that the subgrade was exerting no pres- 
sure here. It should be noted particularly that at 
the beginning of the test on February 5 the con- 
crete slab was supported largely at its sides, as 
indicated by the comparatively high readings on 
cells Nos. 1 and 4, and the zero readings on cells 
Nos. 2 and 3. During the test the maximum in- 
crease in intensity of pressure of about 64 pounds 
per square inch was obtained when the rear wheel 
of the truck was placed directly over cell No. 2. 
When the truck was placed along the side of the 
road with one rear wheel directly over cell No. 1 
and the other rear wheel about 1 foot to the side 
ot cell No. 2, the highest increase in intensity of 
pressure of 4.3 pounds per square inch occurred in 
cell No. 1. As seen in curve 2, with the load at 
the side of the road over cells Nos. 1 and 2, cell 
No. 38 showed no indication of pressure whatever, 
and cell No. 4, on the other side of the road, showed 
no change in pressure. The load thus caused a 
bending down of the slab at the side. of the road 
with compression of the subgrade under the load, 
but did not affect the other side. 


EFFECT OF LIGHT LOADS. 


During the progress of the preliminary measure- 
ments, taken over a period of four months, oppor- 
tunities offered themselves for obtaining some idea 
of the effect of light loads on the subgrade pres- 
sures, and these are presented in the following table: 


























Front Rear 
Ford. Boiler. Army Army 
truck, truck. 
Load onislab.cecccee sees 1 200 1350 13,680 12,500 18,500 
Maximum intensity of pres- 
SUTO: 5-552 oe ee ees 20.2 20.4 23.5 21 26.5 
Radius of area of distribu- 
tons; Ssee see ns eeeeeeee eee eae 32 351 33 36 
1 Pounds. 2 Pounds per square inch. 3 Feet. 


Having obtained the pressure distribution, the 
question arises as to what stress is produced in the 
slab by a concentrated load on the slab, and whether 
its thickness is adequate for the support of heavy 
loads. Referring to the curves it is seen that a 
very close approximation of the actual intensities of 
the subgrade pressures may be made by consider- 


ing them in the form of a cone. It will be noted 
from curve 2 that a cone of about 4 feet in radius 
seems to approximate the actual pressure distribu- 
tion. Let it be considered that the concentrated 
wheel load is carried by the surface of the slab over 
a small area which for convenience will be con- 
APPROXIMATE CALCULATION OF STRESS IN SLAB. 


Intensity of Downward Load = wee 
bre 


Downward Load on Strip =. : - Ep 
Assume cone of Upward Pressure: 
P 
ew R= P or m= aoe! 





Upward Load on Strip- 2-8 ‘= 
3P2 DR, b 
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As the Slab is fixed ended instead 
of free ended, the stress is still 
less by about 25%, so that the 
maximum tensile stress under the 
about 46-48 = 54 #pera” 


load is then 





sidered with a radius equal to r. 
3 Let R equal radius of the cone of 


P= 6500* 
m= 65* upward pressure, and let P equal 
$9." "= 8500 the load applied. The slab may 


eS 
R- 352" 
now be considered as a_ plate 


which, however, is more or less 
fixed at its circumference. Let it first be con- 
sidered that this plate is free ended. 

It is evident from the above calculation that there 
is little likelihood of the slab being stressed excessively 
in tension under the load when the subgrade pro- 
vides support such as furnished by the present fairly 
soft subgrade. Judging from the results obtained 
from this test the probability is that the tensile 
stress produced directly under the load will never 
influence the design of a road slab which rests on a 
fairly homogeneous subgrade. If, however, con- 
ditions arise such that the slab is left entirely with- 
out support under the load, excessive tension can 
be developed. 


CONDITIONS THAT MAY CAUSE CRACKS, 


It might be well to consider briefly some of the 
conditions of loading and subgrade support which 
can arise to cause a road slab to crack. As the 
subgrade reactions are more or less distributed 
instead of concentrated, as has been assumed, the 
formulas in Cases II to V are somewhat severe. 

It will be seen that Cases III and IV are most 
severe. Let it be required to find the thickness 
(d) of a concrete slab which will just fail under a 
load of 8,500 pounds. Assume S=600 pounds 
per square inch, s = 18 feet. 

In order to be safe from cracking when loaded 
as in Case ITI, 
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6 £ (S)+94 . 
600 — SB Kore ae 33)+ 9.4 ea 
d = 12+ inches. 
Case IV, 
S=8.6 z (i) +94 s 
600=8.6 x (F =) 49.4 1 


d= 12 inches. 


In order to prevent the corners of the slabs from 
breaking off under the above load where the sub- 
grade is very soft, 


a 
S = a 
3 X 8500 
600.=- ; TO 2h) 


d=6.5 inches. 


It is recognized that the above calculations are 
based on very severe conditions of subgrade sup- 


APPROXIMATE FORMULAS SHOWING STRESS IN ROAD SLABS 
UNDER STATIC LOAD. 


Notation: 
S=unit tensile stress. 
P= concentrated load. 
d = thickness of slab in inches. 
w= weight of concrete per square inch with thickness d. 
S = width of slab in feet. 


CaselI - Slab Supported by Subgrade - Cone of Support. 
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port, but at the same time the loads 
were considered as staticallyjapplied. 
It is probable that the application of 
these loads with impact will at least compensate for 
the assumed severe subgrade conditions, making the 
above thicknesses reasonably correct. 

The fact must not be lost sight of that these 
calculations apply only to the very worst subgrades 
and that when the subgrade is composed of a well- 





drained material having good supporting value, 
the thicknesses may be materially reduced. The 
many miles of concrete roads from 6 to 8 inches thick, 
free from longitudinal cracking, bear out this state- 


ment. 
TENTATIVE CONCLUSIONS. 


The following tentative conclusions may be drawn 
as a result of this preliminary investigation: 

1. That a concrete road slab under the action of 
traffic or perhaps under the influence of frost and 
different percentages of moisture in the subgrade is 
continually bending, so that the reaction pressures 
between the subgrade and slab are neither constant 
nor uniform in intensity. 

2. The reaction pressures due to heavy wheel 
loads are a maximum directly under the loads and 
vanish to zero in a comparatively small radius, 
which partially depends upon the intensity of the 
load. A heavy wheel load is distributed over a 
larger radius than a light wheel load. For this 
particular subgrade, a load of 8,500 pounds has a 
radius of distribution of pressure of about 6 feet, 
most of the pressure, however, being exerted over 
a radius of about 4 feet. 

3. As the concrete slab recovers from its deflec- 
tion after the passage of a load more readily than 
the soft subgrade, there is a tendency for the 
continual deflection of the slab to produce areas 
having very little or no bearing. If the traffic is 
concentrated at the center of the road, as it is on 
many concrete roads, the continual deflection tends 
to depress a soft subgrade away from the center 
of the slab, which would then be more largely 
supported at its sides. In extreme instances this 
might account for some longitudinal cracking in 
concrete roads. 

4. As nearly as can be estimated from the results 
of this test, the tensile stress in an 8-inch concrete 
slab directly under an 8,500 pound wheel load at 
rest on the road is only 34 pounds per square inch 
when the slab is well supported on the subgrade. 
As the modulus of rupture of 1:1-1/2:3 concrete 
is about 600 pounds per square inch, it is seen that 
this pavement should be able to withstand con- 
siderable impact before cracking. Should the con- 
crete arch, over very soft spots, so that there is no 
support directly under the load, the tensile stress 
may become very high. Such a condition arises 
when the sides of the slab are raised by frost action 
or possibly when the subgrade is worked any from 
under the slab by continual. deflection. 

5. It is probable that the tensile stress which 
results in the slab directly under heavy wheel 
loads is never very great as long as the slab rests 
on the subgrade and it is unlikely that the slab 
design would ever be controlled by this stress. 


CAN FAIL ONLY UNDER IMPACT. 


It must be emphasized that the present investi- 
gation has to do merely with the question of crack- 
ing of concrete road slabs under static loads, and 
this is only one phase of the determination of the 
thickness of concrete roads. The preceding calcu- 
lations consider the slab in the same light as a 
bridge structure, in which cracking would be 
absolutely fatal. The cracking of a road slab, 
on the other hand, does not necessarily impair its 
usefulness, assuming proper maintenance, and in 
fact no matter how thick the slab is made, trans- 
verse shrinkage cracks are bound to occur. 

When the cracks in a slab become so frequent 
that there is danger of complete disintegration or 
of the formation of depressions, the slab can be 
considered as having failed. It is hard to believe 
that such a failure could occur in any manner 
except by impact, and the present preliminary 
investigation serves but to emphasize that fact. A 
complete investigation of the determination of 
slab thickness must therefore include impact effect, 
and plans are now under way for making suitable 
impact tests. 

The writer wishes to express his appreciation for the cordial cooperation of 
Major Guy Withers, in charge of the Camp Humphreys road, in arranging for 
this investigation, and also for the assistance of W. E. Rosengarten, J. R. Boyd, 


W. H. Barton, who made the observations, to R. Harsch, who prepared the 
illustrations, and to a!l others who lent their assistance. 


STATE AID FOR SMALL TOWN ROADS. 


The Massachusetts Legislature recently provided 
$200,000 for the maintenance and improvement of 
roads, except State highways, in towns having an 
assessed valuation of $3,000,000 or less. The act 
authorizing such work was passed in 1918, and an 
appropriation of $100,000 was made for the year. 
It provided that contributions must be made by the 
towns in order to secure aid from the State, but be- 
cause of this provision and the late date at which it 
was passed the act was of very little assistance in 
1913: 

The amount which the State highway commission 
spends in any one town must not exceed $50 per 
mile, based on the total mileage of roads in the town, 
it being necessary in order to secure this aid for the 
town to raise from $12.50 to $125 a mile, the exact 
amount depending upon the valuation of the town 
per mile of highway it has to maintain. The work 
must be done on roads outside the thickly populated 
portions of the town. 

This is a departure from the policy heretofore fol- 
lowed in Massachusetts, in that it recognizes the 
claim of the poorer towns to State aid in keeping 
their roads in good condition. There are 165 towns 
to which funds may be allotted. 
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DETERMINING SIZES OF CULVERTS. 


By O. L. GROVER, Bridge Engineer, Bureau of Public Roads. 


HERE are many ways in use for determining 
the sizes of culverts. <A few of the tables and 
formulae which have come to our attention 

and are frequently referred to, also notes showing 
the practices of some of the States and railroads, 
have been brought together and placed in con- 


check or guide in arriving at a proper solution of 
the problem. 

No general scheme should take the place of reliable 
data regarding elevations reached by high water 
during floods in determining the size of opening for 
each location. 


WATERWAYS IN SQUARE FEET FOR CULVERTS, PENNSYLVANIA STATE HIGHWAY DEPARTMENT. 

































































Area Mountainous Hilly Rolling Flat 
Acres |Sq.mi.| S Sq. ft iS) Sq. ft. s Sq. ft. ) Sq. ft. iS) Sq. ft. iS) Sq. ft. S| Sq. ft. 
24 0.004 | 70.0 1.5 | 35..0-4- 1.3 | 18.0 wea 9.0 09) | 4.5 ci: | ropeeere| | Serres, rac a ee ere See 
5 -00S8 | 64.0 2.5 | 32.0 Ze hh 1650)) 1.8] 8.0 1.5 4.0 1, Salhacen the eeree caleeeasle seca s 
10 -016 | 58.0 4,1 | 29.0 3.3 | 14.0 PR heel et, el 2.1 2.0 Leh ees lets eters 
15 . 023 | 54.0 5.5 | 27.0 4.6 | 13.0 3: Dah: 4.0 3.3 | 3.5 2.8 a By Dodigte Reknle coe eee 
20 - 031 || 51.0 tf | PAs tl) 5.6 | 13.0 4.8 6.0 3.9 3.0 3.3 1.6 pS oa | Pe a Pape 
30 047 | 48.0 9.0 | 24.0 7.6 | 12.0.) 6.4 6.0 5.4 | 3.0 4.5 1.5 Bs Oslo cee < [eee eeee 
40 - 063 | 46. 0 11.0 | 23.0 9.3 | 11.0 Code || oti) 65.0) 13:0 5.7 1 ASSN AOeT 4.2 
50 -078 | 44.0 12.9 | 22.0 10.9 | 11.0 9.1 5.0 7.5 2.5 6.5 1.4 5.8 aL Ds I 
60 - 094 | 42.0 14.6 | 21.0 12.34), 1120 10.5 5.0 8.7 2.5 ols) 1,3 6.6 a 5.9 
70 -109 | 41.0 16.3 | 20.0 13.7 | 10.0 11.5) 5.0 9.8.) 255 8.5 1.3 7.5 26 6.4 
80 . 125 | 40.0 17.8 | 20.0 15. 1") 10.0 127 O20 10.9 | 2.5 9.5 1.2 snp al | eS) teal 
100 . 156 | 38.0 20.9 | 19.0 17.6 | 10.0 15.0 5.0 13.1 2.5 11.4 iy 9.8 6 8.5 
120 - 188 | 36.0 Zon 18.0 19.9 9.0 | 17.0 4.5 14.8 2.5 13. 2 ig 11.2 6 9.9 
140 . 219 | 35.0 26.4 | 18.0 22.4 | 9.0 19.2) 4.5 16.7 | 2.0 14. 2 Al 12.6 .6 11.2 
160 . 200 | 34.0 29.0 | 17.0 24.4 9.0 21. 4 4.5 Sa Oumar O 15.8 eal 14.1 Eo | 12.0 
180 - 281 | 33.0 31.4 | 17.0 26.7 | 8.0 23.0 4.0 2000/8 2.0: 17.4 1.0 15.1 .5 13.2 
200 - 313 | 32.0 33.7 | 16.0 2851 he 820) 25. 0 4.0 Prete PAW 18.9 1.0 16.5 5 14.3 
240 . 375 | 31.0 38.4 | 15.0 32.8 | 8.0 28.9 | 4.0 25. 2 1.9 21.7 1.0 19. 1 An) 16.6 
280 - 438 | 30.0 42.7 | 15.0 Siek 7.0 Sle Silt oe PM df 1.9 24.5 9 2101 5 18.8 
320 - 500 | 29.0 47.2 | 14.0 AQuiaier ts 0. 35.4] 3.5 30. 8 1.8 27.0 9 23. 5 -5 | 26.9 
360 . 563 | 28.0 51.4 | 14.0 44.7 | 7.0 38.9} 3.5 33.9 1.8 29.7 at!) 25.10 = 4) 922.0 
400 - 625 | 27.0 55.5 | 14.0 48.6 | 7.0 42.4) 3.5 36.9 1 By 31.9 9 28.1 -4| 23.9 
450 - 703 | 26.0 60.3 | 13.0 b2Gniee c0 46. 5 3.5 40. 5 lias 35. 1 .8 30. 2 4] 26.3 
500 - 781 | 26.0 65.8 | 13.0 Silas te 600 49.1) 3.0 42.7 1.6 37.7 .8 32.8 .4| 28.6 
550 - 859 | 25.0 70.5 | 12.0 60.8 | 6.0 S30) On0 46.1 1.6 40.7 8 35. 4 34) 30:8 
600 - 938 | 24.0 74.9 | 12.0 65.2 | 6.0 56.8 | 3.0 49. 4 1.5 43.0 aie! 38.0 4] 33.1 
640 1.000 | 24.0 79-9 | 12.0 69.0 | 6.0 60. 0 3.0 62.05) — 15 45.0 8 40. 0 -4| 35.0 
800 1.250 | 23.0 94.0 | 11.0 81.0 6.0 Te ON ae 0 62.0 1.4 53.0 ah 47.0 4] 42.0 
960 1.500 | 21.0 106.0 | 11.0 93.0 | 5.0 80.0 | 2.5 69.0 1.3 61.0 Ath 54.0 Houle 40:0 
1, 280 2.000 | 20.0 132.0 | 10.0 1150 io, 0 100.9} 2.5 87.0 IGP) 75. 0 .6 66. 0 «3 |, 57.0 
1, 600 2.500 | 18,0 155.0 | 9.0 135.0 | 4.5 118.0 | 2.5 104.0 Tou 85. 0 .6 79.0 -3 | 68.0 
1,920 3.000 | 17.0 177.9 | 9.0 156. 0 4.5 136.0 | 2.0 116.0 de 103.0 Pa) 88. 0 -3 | 79.0 
2,240 3.500 ; 16.0 198.0 | 8.0 173.0; 4.0 150.0 | 2.0 131.0 1.0 114.0 a0) 99.0 .3| 89.0 
2,560 4.000 | 15.0 218.0 | 8.0 192.0} 4.0°| 167.0 1.9 144.0 | 1.0 127.0 5 10:0 ioe sheelle ooake ss 
3, 200 5.000 | 14.0 257.0 | 7.0 224.0) 3.5 195.0 shag 168.0 9 148.0 4 1205.0 | erates | 
3,840 6.000 | 13.0 293-0 | 6.0 261.0 | 3.0 218.0} 1.6 193.0 .8 168. 0 .4 146.0, \o- 2a he | 
5, 120 8.000 | 12.0 363.0 6.0 316.0 | 3.0 275.0 1.4 236. 0 sith 205. 0 24 TSAO ee cel etic ner 
6, 400 10.000 | 10.0 418.0] 5.0 364.0 | 2.5 SIONS 183 278.0 ith 246. 0 AB ZOTSO | Nepeeel cece 
7,680 12.000 | 10.0 484.0] 5.0 421.0} 2.5 367.0 1.2 316. 0 .6 275.0 .3 RETO aPee selaeop eae 
10, 240 16.000 | 9.0 696.0] 4.5 519.0 | 2.0 441.0 Heil 392. 0 5 334. 0 .3 AUP Oe ete nel Mie soC 
12,800 20.000 | 8.0 696.0 | 4.0 606. 0 1.9 522.0 1.0 459. 0 a0) 400::0 jeeeee a ORR een ee anne sce ae 
16,000 | 25.000} 7.0] 810,0} 3.5) 705.0] 1.7] 610.0 .91] 537.0 eae 7c Ones ee ce Spe bape ek rem ase 
19, 200 30.000 | 6,9 909.0 | 3.0 791.0 | 1.6 698. 0 8 607.0 4 529) Oo leeee \esedeoned Bosnce| Menorca 
22, 400 35.000 | 6.0 | 1,028.0} 3.0 895.0 | 1.4 768. 0 a 669. 0 4 598; Ob secs se IRacereter een Sia re esos 
25, 600 40.000 | 5.0 | 1,103.0] 2.5 960.0 | 1.4 855. 0 ait 744.0 .3 G28 OR Reece eee eeecs cael. ose 
32,000 50.000 | 5.0 |<1,318.0 | 2.5 | 1,148.0] 1.2 991.0 6 863. 0 3 TDL. Ota ry eran Sede et, by tik 
38, 400 60.000 | 5.0 | 1,520.0] 2.5] 1,328.0] 1.2) 1,147.0 a6 998. 0 .3 SOO! Cale en | saeeeeeel Gece lenses =a 
44,800 70. 000 4.5 | 1,690.0 2.5 | 1,502.0 1.2. )1,,297..0 -6 | 1,129.0 23 O88. 0ule sess |S aewence lege sahssesccs 
54, 400 85.000 | 4.5 | 1,973.0 | 2.0 | 1,678.0 | 1.1] 1,489.0 .d | 1,272.0 OMe L st a85 Oneshot tae eet laa i aes 
64,000 | 100.000 | 4.0 | 2,195.0 | 2.0 | 1,910.0 | 1.0 | 1,664.0 .5 | 1,449.0 Ostet: SOS? OF eee su ee AS leer ee pis 





S=Slope in feet per 100 feet (average of drainage basin). Sq. ft.=waterway required. 


venient form for reference. 


A very brief discussion 


SIZES OF WATERWAYS. 


accompanies the tables. 

Doubtless many other ways of determining sizes 
of culverts have been used with satisfactory results 
and it is hoped that much more information on the 
subject may be obtained and added to this meager 
set of notes so that eventually it may be of sufficient 
scope to include data applicable to most parts of the 
United States. It is recognized that rainfall and 
run-off conditions are so diverse that no general 
rules or formulae are applicable for all conditions. 
The best to be expected from this brief outline is 
that it may be of some assistance, and serve as a 


There are several ways of determining the size 
of waterways in general use. The one of first 
importance is that of measuring the actual cross 
section of the water when the stream is at its highest 
stage. Evidences indicating the height of the surface 
of the water at flood stage are sought, and in a great 
many cases may be obtained. If evidence can not 
be found along the stream, the inhabitants may be 
interrogated for their knowledge of the maximum 
elevation of high water. The location of the proposed 
crossing may be such that there are no well-defined 
channel banks, and in this event a better location 


may be found for the purpose of obtaining an 
approximate cross section of the water at flood 
periods. For streams of sufficient size to carry drift, 
and in cold climates where ice forms, good evidence 
is generally obtainable by finding pieces of drift 
lodged in trees and the marks on the bark of trees 
indicating the rubbing of the bark by ice, and in 
some cases the discoloration of the bark by muddy 
water. rs 

DETERMINATION OF WATERWAY BY MEASUREMENT 

AND OBSERVATION. 


1. In this method the size of opening is deter- 
mined by measuring the actual cross section of the 
water at flood stage at some point, preferably the 
culvert or bridge site, and providing an opening of 
sufficient capacity to carry the stream, including the 
drift, if any. The following data should be obtained: 

(a) Measurement of actual cross section of water 
at flood stage at culvert site, preferably along 
center line of road. 

(b) Grade of existing channel above and below 
crossing. 

(c) Plan showing stream channel at both high and 
low water above and below crossing. 

(d) Plan to show all obstructions, such as natural 
barriers, dams, breakwaters, and fences. 

(ec) Note any special or unusual conditions. 

In using this method, crossings will be found for 
which sufficient reliable information can not easily 
be obtained, and some other method is used for 
these cases. The size of drainage areas are especially 
desirable for properly fixing the openings of culverts 
for streams of unknown volume, and the drainage 
areas are valuable to use in checking sizes of all 
culverts. 


DETERMINATION OF WATERWAY BY TABLES. 


2. Where the first method has been in use for 
some time and many streams have been measured 
tables are prepared containing the results of the 
actual measurements of streams at flood stages. 
Such tables are, therefore, used in fixing the size 
of openings. 

Some of the State highway departments and 
several railways are using tables in determining 
the sizes of new structures. 

The table herewith has been used by the Bureau 
of Township Highways of the Pennsylvania State 
highway department since 1911, and for openings 
greater than 4 square feet in area has been found to 
satisfy all except very extreme conditions. Smaller 
openings should be increased in size somewhat. 

This table is also used by the Pittsburgh & Lake 
{rie Railroad and is based on the Burkli-Ziegler and 
McMath formule, using: 
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R=3 and c=0.3, and an assumed mean velocity 
for culvert running full of 6 feet per second. 


The Burkli-Ziegler formula is used when = is 
greater than 1. 
The Kentucky State highway department is 
using the following tentative table which was 
recently prepared to indicate roughly the appro- 
priate size of standard culvert to use under dif- 
ferent conditions. . 


SUGGESTED SIZES OF STANDARD CULVERTS FOR 
DRAINAGE AREAS, KENTUCKY DEPARTMENT OF 
PUBLIC ROADS. 





























Moun- rae 
Dimensions Area | tain- | Hilly | RO | wat | Minimum head 
Bue ing room 
Sq.ft.| Acres | Acres | Acres | Acres 
18-inch pipes..---2.--ee Tey Ws 1.0 2.0 4.5 9.0 | Depends onkind. 
2x 13 ft. concrete box..| 3.00 2.0 4.0 7.4 | 18.0 | 1 foot 6inches. 
24-InCh plpGete sacs ae See 3.14 275 5.0 | 10.0] 20.0 | Dependsonkind. 
2x 2ft. concrete box ...| 4.00 3.0 6.0 | 10.8 | 27.9 | 1 foot 6inches. 
3x 14 ft. concrete box ..| 4.50 3.8 7.5 | 11.4] 32.0 | 1 foot 7 inches. 
3 x 2ft. concrete box ...| 6.00 5.3 | 10.5 | 18.6} 47.0] 1 foot 7 inches. 
4x 24 ft. concrete box .| 6.25 5.5} 11.0 19.3} 50.0 | 1 foot 6 inches. 
4x 2ft. concrete box...} 8.00 8.0 | 16.0] 27.3 | 70.0 | 1 foot 7 inches. 
3 x 3 ft. concrete box ...| 9.00 9.5} 19.0] 31.9] 82.0 | 1 foot 6 inches. 
4x 3 ft. concrete box...| 12.00} 18.5 | 27.0] 46.7 | 120.0 | 1 foot 7 inches. 
5 x 24 ft. concrete box..| 12.50 | 15.0] 30.0] 49.3 | 125.0 | 1 foot 8 inches. 
5 x 3ft. concrete box...| 15.00 | 17.5 | 37.0} 62.9 | 160.0 | 1 foot 8 inches, 
6 x 23 ft. concrete box..| 15.00 | 17.5 | 37.0 | 62.9 | 160.0 | 1 foot 9 inches. 
4x 4ft. concrete box...| 16.00} 20.0) 40.0} 68.5 | 175.0 | 1 foot 7 inches. 
5 x 4ft. concrete box...| 20.00] 38.0] 56.0] 92.2 | 230.0 | 1 foot 8 inches. 
6x 4ft. concrete box...} 24.00 | 35.0] 70.0 | 117.5 | 300.0 | 1 foot 9 inches. 





Note.—Head room shown indicates total thickness of slab and cushion of 
fill and road metal, 


DETERMINATION OF WATERWAY FROM DRAINAGE 
AREA BY FORMULA. 


3. Several formule have been devised for finding 
sizes. of waterways. Prof. A. N. Talbot’s formula is 
the one most frequently referred to, especially in the 
eastern part of the United States. The following 
table has been prepared from Prof. Talbot’s formula, 
which contains a variable factor “C,’’ which is assigned 
a value by the engineer. The value of ‘‘C”’ is usually 
assigned to correspond with values of “‘C’’ found to 
give proper openings for similar conditions and 
known drainage areas. 


DETERMINATION OF WATERWAY FROM DRAINAGE 
AREA AND RUN-OFF BY FORMULA. — 


4. Thedetermination of the size of waterway by this 
method requires surveys of the drainage area and data 
regarding run-off and rainfall. The above informa- 
tion having been obtained, the volume of water 
flowing to the structure per unit of time may be 
calculated by formule. A culvert opening is decided 
upon to carry the water without exceeding the 
velocity which is considered suitable for the nature 
of the structure and surrounding conditions. 


- _————————— 
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DUN’S TABLE OF DRAINAGE AREAS. 


{Shows the approximate areas of waterway for various drainage areas.] 







































































Areas of waterway Areas of waterway 
Period 7 a. a = Areas == a = 
a Mis- Onur ines pipe Percentage of column 2 eis uy Percentage of column 2 
Square | souri | For embankments | , ay ee arch culverts, square | gsouri 
miles and over 15 feet high ane gone i ain nie | cova New | Moun a and Ti Okla New 
= .= - - : . - - ; e 
POSE HOY Dek Coit nois! |homa?| 1e%®S | Mexico| tains Kansas} noisi "| homa?| 2&%S | Mexico 
1 2 3 4 5 6 vi 8 9 1 2 5 6 7 8 

0.01 2.0 2.0 2.9 2 24 110 94.0 
- 02 4.0 4.0 4.0 4 26 110 92.0 
. 03 6.0 6.0 6.0 6 28 110 92.0 
. 04 7.5 7.5 7.5 Mao 30 110 92.0 
. 05 9.0 9.0 9.0 9.5 32 110 | 92.0 
- 06 10.5 10.5 10.5 11.0 34 110 92.0 
OT Ne 1250 12.0 12:0 13.0 36 110 91.0 
-08 13.5 D th) 13.5 15.0 38 110 91.0 
-09 15.0 D 15.0 15.0 17.0 40 110 91.0 
-10 16.0 D 16.0 16.0 19.0 45 110 91.0 
15 26.0 D 26.0 26.0 29.0 50 110 89.5 
. 20 32.0 32.0 32.0 38.0 55 115 89.5 
~25 38.0 38.0 38.0 41.0 60 115 89.5 
-30 44.0 44.0 44.0 53.0 65 115 88.0 
-35 51.0 51.0 51.0 61.0 70 115 88.0 
- 40 56.0 56. 0 56. 0 68.0 75 115 88.0 
-45 62.0 62.0 62.0 75.0 80 115 86.5 
-50 66.0 66.0 66.0 81.0 85 115 86.5 
- 55. 70. 0 70.0 70.0 87.0 90 115 86.5 
- 60 74.0 74.0° 74.0 92.0 95 115 86.5 
-65 78.0 78.0 78.0 97.0 100 120 85.0 
-70 81.0 81.0 81.0 102.0 110 120 85.0 
erki) 85.0 85.0 85.0 107.0 120 120 85.0 
. 80 88.0 88.0 88. 0 112.0 130 125 83.5 
. 85 91.0 91.0 91,0 117.0 140 125 83.5 
. 90 94.0 94.0 94.0 121.0 150 130 82.0 
95 97.0 97.0 97.0 125.0 160 130 82.0 
1.0 100.0 100.0 98.5 130. 0 170 130 80.5 
Let 110.0 105, 0 98.5 140. 0 180 130 80.5 
1.2 120.0 105. 0 98. 5 150.0 190 130 79.0 
1.3 130.0 105.0 98.5 160.0 200 1380 79.0 
1.4 140.0 105.0 98.5 170.0 220 130 77.6 
1.5 150.0 105.0 98.5 180.0 240 130 11.8 
1.6 160.0 105. 0 98.5 190. 0 260 130 76.0 
Ls 170.0 105.0 98. 5 209.0 280 130 76.0 
1.8 180.0 105.0 98. 5 210.0 300 130 74.5 
1.9 190.0 105.0 98.5 220.0 325 139 74.5 
2.0 200. 0 105.0 98. 5 230. 0 350 130 73.0 
2.2 220.0 105. 0 98. 5 250. 0 375 130 73.0 
2.4 240.0 105.0 98.5 270.0 400 130 Cs 
2.6 260. 0 105. 0 98.5 290. 0 450 130 70.0 
2.8 280. 0 105.0 98.5 310.0 500 130 68.5 
3.0 300. 0 105. 0 98.5 330. 0 550 139 67.0 
3.2 321.0 105.0 98.5 351.0 600 130 65.5 
3.4 340.0 105.0 98,5 369. 0 650 130 64.0 
3.6 357.0 105, 0 98.5 385.0 700 130 62.5 
3.8 373.0 105. 0 98.5 400. 0 750 130 61.0 
4.0 388.0 105.0 97.0 425.0 800 130 59.5 
4.2 403.0 105. 0 97.0 430.0 850 130 58.0 
4.4 417.0 105. 0 97.0 444.0 900 130 56.5 
4.6 430.0 105, 0 97.0 456.0 950 SO) Vesna 
4.8 443.0 105. 0 97.0 469.0 1, 000 T1307 ba eers 
5.0 455.0 105. 0 97.0 481.0 1, 100 130)! ssi eee 
5.5 483.0 105. 0 97.0 507.0 1, 200 130) Ibeese cee 
6.0 509. 0 105.0 97.0 532. 0 1,300 WO0slesteceee 
6.5 533.0 105. 0 97.0 555.0 1, 400 ISO aoe 
7.0 | 556.0 105.0 | 97-0| 577.9 1, 500 0. ee 
7.5 579. 0 105.0 97.0 599. 0 1,600 130i" eee 
8.0 601.0 105, 0 97.0 619.0 1,700 130" |S Aen 
8.5 622.0 105. 0 97.0 639. 0 1,800 130) 32. See 
9.0 | 641.0 105.0 95.5 657.0 1,900 1302s eee 
9.5 660. 0 105, 0 95.5 675.0 2, 000 130 eee 
10.0 679.0 105.0 95. 5 | 693.0 2, 200 $30 Soe 
11.0 | 710.0 105.0] 95.5 722.0 2; 400 130) oes 

12.0 740. 0 105. 0 95.5 749.0 2,600 130. ae 
13.0 775.0 105. 0 95. 5 782.0 2, 800 ASO ee oe oe 
14.0 805.0 105.0 95.5 809. 0 3, 000 P30 need oes ng 
15.0 835. 0 105.0 95.5 838. 0 3, 500 1300 sce sen. 
16.0 865.0 105. 0 Oy SE ease 4,000 130M Eee 
17.0 890.0 105.0 S420" eee ke. 4,500 IS0N | Seeeeece 
18.0 920. 0 105.0 OP Ue ee Sees 5, 009 ASOM NE seewente 

19.0 | 945.0 105'6 | 94.0°|2....... 5,500 0s = 
20.0 970.0 105.0 04: OtlWacteou 6, 000 TIBOR See ee 
22.0 1,015.0 105.0 94:0 ale. << ators 6, 500 1a) "ieee ee 






































B = Boxculvert. A = Archculvert. D = Double. 


1 West of Streator, use 80 per cent; east of Streator, use 60 per cent. 3 Bridges designed to provide area to meet local conditions, 
2 North of Purcell, use column 2; south of Purcell, use Texas column. 


The above classification by States is for convenience only and merely denotes the general characteristics of topography and rainfall. 

Column 2 in this table is prepared from observations of streams in southwest Missouri, eastern Kansas, western Arkansas, and the southeastern portions of 
Oklahoma; in all of this region steep rocky slopes prevail and the soil absorbs but a small percentage of the rainfalls; it indicates larger waterways than are 
required in western Kansas and level portions of Missouri, Colorado, New Mexico, and western Texas. 
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TABLE OF AREAS OF WATERWAYS CALCULATED BY TALBOT'’S FORMULA. 


a=C /A8 a= Area of waterway in square feet. 
A= Drainage area in acres. 







































































Areas of waterways in square feet 
Drainage area i 
Bet Hilly land Rolling land Flat land 
Acres Square miles C=1.00 C=.80 C=.60 C=,.50 C=.40 C=.30 C=.20 
on 0, 0016 1.0 0.8 0.6 0.5 0.4 0.3 0.2 
2 0031 1.7 1.4 1.0 cs a7 15 Ay 
4 “0062 2.8 2.2 hei 1.4 1,1 is .6 
6 0094 3.8 3.0 2.3 1.9 1.5 Li : 
8 0125 4.8 3.8 2.9 2.4 1.9 1.4 1.0 
10 016 5.6 4.5 3.4 2.8 2.2 ty 1.2 
15 ‘023 7.6 6.1 4.6 3.8 3.0 2.3 1.5 
20 031 9.5 7.6 5.7 4.7 3.8 2.8 1.9 
30 047 12.8 10.2 77, 6.4 5.1 3.8 2.6 
40 ‘062 15.9 12.7 9.5 8 6.4 4.8 3.2 
60 094 22 17.6 13 ul 8.8 6.6 4.4 
8) 1125 27 21.6 16 13 10.8 8.1 5.4 
100 1158 32 25.6 19 16 12.8 9.6 6.4 
150 234 43 34.4 26 21 17.2 12.9 8.6 
200 312 53 42. 4 32 27 21.2 15.9 10.6 
250) 39 63 50 38 31 25 19 13 
300 147 72 58 43 36 29 22 14 
400 82 so 71 53 45 36 27 18 
500 3 106 85 64 53 42 32 21 
600 “94 121 97 73 61 48 36 24 
80 1.25 150 120 90 75 60 45 30 
| 1,000 1.56 178 112 107 89 71 53 36 
| 1) 500 2.34 241 193 145 121 96 72 48 
2’ 000 3.12 299 239 179 149 120 90 60 
2) 500 3.91 354 283 212 177 142 106 71 
3, 000 4.7 405 324 243 203 162 122 81 
4 000 6.2 503 402 302 252 202 151 101 
5,000 7.8 595 476 357 297 238 179 119 
6,000 9.4 682 546 409 341 273 205 136 
8, 000 12.5 846 877 508 423 338 254 169 
10, 000 15.6 1,000 800 600 500 400 300 200 
127,000 18.8 1147 918 688 573 459 344 229 
14; 060 21.9 1) 287 1,030 772 644 515 386 257 
16, 000 25.0 1, 423 1,138 854 711 569 427 285 
18, 000 28.1 1) 554 1, 243 932 777 622 466 311 
| 20, 000 31.2 1, 682 1,346 1, 009 841 673 505 336 
25, 000 39.1 1,988 1,590 1,193 994 795 596 398 
30, 000 47, 2) 280 1) 824 1, 368 1,140 912 684 456 
40, 000 62. 2, 828 2, 262 1,697 1,414 1,131 848 566 
50, 000 78. 3,344 “2,675 2,006 1,672 1,338 1, 003 669 
60, 000 94 3, 834 3, 067 2,300 1,917 1, 534 1, 150 767 
70, 000 109 4) 304 3, 443 2; 582 2 152 1,722 1,291 861 
80, 000 125 4,757 3, 806 2, 854 2,378 1, 903 1,427 951 
100, 000 156 5, 623 4) 498 3, 374 2) 812 2) 249 1,687 1, 125 
125, 000 195 6, 648 5,318 3, 989 3,324 2, 659 1,994 1, 330 
150, 000 234 7, 622 6, 098 4, 573 3, 811 3,049 2 987; 1,524 
175, 000 273 8) 556 6, 845 5, 134 4,278 3” 422 2) 567 L711 
200, 000 312 9, 457 7, 566 5, 674 4,728 3,783 2, 837 1, 891 
300, 000 469 12,819 10, 255 7,691 6,410 5, 128 3, 845 2, 564 
400, 000 625 15, 905 12, 724 9, 543 7, 952 6, 262 4,772 3,181 
500, 000 781 18, 803 15, 042 11, 282 9, 402 7.521 5, 641 3,761 
600, 000 937 21,558 17, 246 12, 935 10,779 8; 623 6, 467 4,311 
800,000 ; 1,250 26, 750 21, 400 16, 050 13, 375 10,700 8, 025 5, 350 
1,000,000 | 1, 562 31, 623 25, 298 18, 974 15, 812 12) 649 9, 487 + 6,325 
1,200,000 | 1,875 36, 256 29) 005 21,754 18, 128 14,502 10,877 7,251 
1, 400, 000 2,188 40,700 32, 560 24, 420 20, 350 16, 280 12, 210 8, 140 
1,600,000 | 2,500 44” 987 35, 990 26, 992 29) 494 17, 995 13, 496 8, 997 
0,000 | 2,81: i 3 : i : 
1,800, , 813 49,142 39, 314 29, 485 24, 571 19, 657 14,743 * 9, 828 
2,000,000 | 3,125 53, 183 42) 546 31, 910 26, 592 21,273 15, 955 10, 637 
2,200,000 | 3,438 57, 124 45, 699 34, 274 28, 562 22? 850 17, 137 11, 425 
2,400,000 | 3,750 60, 976 48, 781 36, 586 30, 488 24, 390 18, 293 12,195 
2/600,000 | 4,063 64; 748 51, 798 38) 849 32) 374 25, 899 19, 424 12, 950 
| 2,800,000 | 4,375 68, 449 54, 759 41, 069 34. 995 27 380 20, 535 13, 690 
| 3,000,000 | 4,688 72, 084 57, 667 43,250 | 367042 28,834 | 21,625 14, 417 
3,200,000 | 5,000 75, 659 60, 527 45, 395 37, 830 30, 264 22) 698 15, 132 
m ‘7: ‘ 
The Burkli-Ziegler formula is frequently referred In both the above formule: 
to: 4 : 
Ke c= constant — 0.20 for rural sections. 
Q=Re 0.75 for paved streets, 0.31 for mac- 
S adamized streets. 
A R=average rate of rainfall during heaviest fall in 
. cubic feet per é aken at St. Louis 
McMath formula: ? Sen Per seven Dale a 
ee as 2.75 inches. 
Mi oy S=General fall of drainage area in feet per 1,000. 
S Q-=cubic feet of water per second per acre reach- 
wk ing sewers. 





; A=drainage area in acres. 
1 From Treatise on Sewerage, by A. Prescott Folwell. § . 
2 Sine . 7 ae ‘ 
is Salicaey eee by these formule depend largely on the value of 3'The intensity of rainfall is usually given in inches per hour and varies 
: sar Broper v alue for it should be determined by actual observa- greatly in different localities. One inch of rainfall per hour equals one cubic 
tion for the general conditions involved. foot per second per acre almost cxactly 








The United States Weather Bureau has records 
of rainfall at many stations distributed throughout 
the United States. Information concerning the 
rainfall in many sections and daily stages of many 
large streams may be obtained from their publica 
tions. 

The United States Geological Survey has measured 
the cross section of streams and has valuable run- 
off data which may be obtained from that depart- 
ment. 

The practice of several railway systems is indi- 
cated from notes taken from the proceedings of the 
American Railway Engineering Association con- 
taining reports on this subject. The report by a 
special committee submitted to the American Rail- 
way Engineering Association in March 1909, con- 
tained the following statements: 

(1) “In determining the size of a given waterway, 
careful consideration should be given to local con- 
ditions, including flood height and flow, size and be- 
havior of other openings in the vicinity carrying the 
same stream, characteristies of the channel and of 
the watershed area, climatic conditions, extent and 
character of traffic on the given line of road and 
probable consequences of interruptions to same, and 
any other elements likely to affect the safety or 
economy of the culvert or opening. 

(2) (a) “The practice of using a formula to assist 
in fixing the proper size of waterway in a given 
case is warranted to the extent: that the formula 
and the values of the terms substituted therein are 
known to fit local conditions. 

(b) ‘“‘Waterway formulas are also useful as a 
euide in fixing or verifying culvert areas where only 
general information as to the local conditions is at 
hand. 

(c) ‘The use of such formulas should not dis- 
place careful field observation and the exercise of 
intelligent judgment on the part of the engineer. 

(d) ‘No single waterway formula can be recom- 
mended as fitting all conditions of practice.” 

The report in 1911 contained the following state- 
ment: 

(1) “There is a general relationship between the 
best-known waterway and run-off formulas. This 
relationship may be expressed by two terms, a vary- 
ing coefficient and a varying exponent. 

(2) ““The extent of this relationship for large 
and small areas is indicated by the Dun waterway 
data.” 


METHODS USED BY RAILROADS. 


The following extracts have been taken from the 
proceedings of the American Railway Engineering 
Association, and indicate the methods used for de- 
termining sizes of waterways for culverts by several 
railroads. 


43 


Baltimore & Ohio Railroad.—‘‘Use Talbot’s 


formula with “C” as follows in Maryland, West 
Virginia, Pennsylvania, and Ohio: 
Motintainousicolntry seen aos nearer C=0. 80 
Hialyy eau triypeperetsee 5) ack eet ak ee C= ..67 
Bedium Gounthyo.ate foe cee obras 2 Seki oD) 
RO MINSe COU ino eee See ae See oer Us. os 


Elot COUN VCS a taaee ave aeiast aoa eee ose Gas 20 
except that the factor may be increased according 
to the judgment of the engineer on account of ab- 
normal rainfall, or if the direction of flow of water 
is the same as the prevailing direction of movement 
of summer storms. Consider it safe to take the 
maximum known flood and add 20 per cent unless 
such flood was so exceptional that a repetition is 
not probable.” 

Central Railroad of New Jersey.—‘‘ Great im- 
portance is placed on the results of study of the 
sites of existing culverts and bridges on same 
stream. It is generally possible to find such open- 
ings, and collect reliable data regarding elevations 
reached by high water during floods. In case no 
such existing opening is found, ‘the area of the water- 
shed is determined from U. S. Geological Survey 

maps, State maps, or by survey. 

“By the use of Talbot’s formula, the required area 
of waterway is determined where “C”’ varies from 
0.33 to 1.00. For example, in the flat and wooded 
regions of southern New Jersey, ‘‘C”’ is taken as 
0.33 and in the rocky regions of Pennsylvania, ‘‘C”’ 
is taken as 1.00. We have no culverts designed to 
operate under a head.” 

Chicago, Burlington & Quincy Railroad. -= 
“Areas of drainage are ascertained by actual surveys 
or estimated from reliable maps. For areas up to 
1,000 acres we use the McMath formula. For 
greater areas we use: 

3,000 M 
oa “342. res 
is assumed as 10 feet per second 
300 M 
Bees eit 
_“ Where Q = total discharge from area in cubic feet 
per second. 
A=waterway in square feet. 
M= drainage area in square miles. 

‘We rely on formulae unless recorded high-water 
marks indicate that an extra large waterway is 
necessary. We aim to have the culvert operate 
under no head, but allow no excess margin for 
drift.” 

Chicago, Rock Island & Pacific Railroad.— 
‘Use Talbot’s formula with “C”’ having the following 
values: 


Flat country. - 
Ue COUT LO Mee este wa aor NE ie aie 
Mountainous country - 


if the velocity through the culvert 


“Tf practical, make survey determining nature of 
land, declivity of drainage area, amount and kind 
of drift, high-water marks, etc. Where drainage 
areas are so large as to make a survey impracticable 
compute drainage areas from reliable maps. The 
structure should not back the water above the high- 
water mark which existed before the building of 
the road. Allow for extraordinary floods when cost 
of construction justifies it. Do not compute size 
of culvert for condition of running full or under a 
head. Make culvert from 50 to 100 per cent larger 
than formula calls for.” 

El Paso & Southwestern Railway.— 

66 8,000 
QIN a 
‘Where Q=maximum run-off per square mile of 
drainage area, and 
A=total drainage area in square miles. 
“This formula is checked by the following table: 


























| 

| 

|Drainage| Water- || Drainage| Water- 

| areain | waysin || areain | waysin 

| square | square square | square 

| miles. | feet. niles. feet. 

| 0.12 18.8 4.6 353 
22 31.4 5.8 428 
.40 51.0 7.2 508 
.70 | 74.0 9.5 628 
1.15 102.0 12.4 756 
1.55 134.0 15.8 878 
2.00 179.0 19.9 978 
2. 50 209.0 24.6 1, 088 
3. 50 280. 0 30.2 1,199 

“We endeavor to make provision for floods of 


ordinary magnitude.” 

Kansas City, Mexico & Orient Railway.— 
‘““Whenever practical, watershed is traversed and area 
computed. Observations are made to determine 
high-water mark and this is confirmed by every 
means available, such as marks on trees, deposit of 
drift and other debris, or information from residents. 

“Formula used: 


4 

“A=(y M° For drainage areas less than 8 square 
miles. 

‘“A=80./M For drainage areas over 8 square 
miles. 

‘A =waterway in square feet. 

“ M= drainage area in acres. 

“C= constant depending upon character of drainage 
area and amount of maximum rainfall, varying from 
1.00 in rocky country with steep slope and high 
maximum rainfall to 0.20 in smooth prairie with 
small maximum rainfall. 

“Enis formula is used only as a guide. .In smaller 
streams the openings provided are designed to care 
for the water under extreme conditions, but not nec- 
essarily large enough for cloudbursts. Large struc- 
tures such as large arches and bridges are designed 
to operate with sufficient waterway to carry off the 
water under the extreme known flood conditions 
without injury to the structure. The operation of a 
culvert under a head is avoided wherever possible.” 


44 


Kansas City Terminal Railway.—‘ Field ob- 
servations are made to determine the height and 
area of flood water, measurements of drainage area, 
and an approximate estimate of the slope of the 
latter. We have used the Burkli-Ziegler and 
Dun’s formulae. We have not made systematic 
measurements of drainage areas, but usually make 
an effort to collect data immediately following heavy 
storms or floods. Usually allow for maximum 
floods, but permit operation of culvert under a head 
where the character of the ground to be overflowed 
by back water is such that no harm would be done.” 

Missouri, Kansas & Texas Railway.—‘‘ Use 
Talbot’s formula with following values of ‘‘ C.” 


Steep countrys. 4. 2275.20 TIS a OCeANe. See see C=1.10 
Medium’ country $0). J28i-- aes desea s.- aeres 2m bef ahes C=0. 85 
Flat Country 35-c25 fsb a eee alee eee C=0. 60 


Missouri Pacific Railway.—‘“‘ No one formula is 
relied upon in arriving at a proper size of opening 
but conclusions are checked in all possible ways. 
Where a proper coefficient has been obtained for a 
certain locality, Talbot’s formula can be used with 
good results. Where rainfall data can be secured, 
McMath’s or the Burkli-Ziegler formula can be used.” 

Pennsylvania Railroad.—‘‘There can be no 
short rule of general application for the requisite 
area of waterways of bridges and culverts. It de- 
pends on the area of the watershed, the maximum 
precipitation in a given time, the average slopes of 
the drainage area, and the form of cross section and 
superficial material of the channel. The area of 
the watershed can be determined from a good map 
of the region; the maximum precipitation varies 
widely in different sections and can only be ascer- 
tained from records covering a series of years, 
which are not always available; the slopes of the 
drainage area are matters of topography and vary 
all the way from the steepest mountain sides to the 
flattest prairie. Assuming that the above data is 
obtainable or can be approximately estimated, the 
rate of run-off may be computed by the Burkh- 
Ziegler formula to find the volume of water reaching 
the site of the bridge or culvert in a given time. 
Then find the required area to discharge this volume 
as fast as it arrives, using for this purpose the well- 
known Kutter’s formula: 

“The foregoing is the only reliable method for 
treating this problem scientifically. But in many 
instances some or all of the data will not be obtain- 
able and the only recourse will be to ascertain as 
reliably as possible the height of the greatest floods 
and use your best judgment, guided by such past 
experience as you may have had. But in every 
case be not afraid to make it too big but cultivate 
and maintain a wholesome fear of making it too 
small. Do not let present economy of construction 
close your eyes to a possible loss, damage, and ex- 
pense from future disaster.” 





ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


NOT E.—Application for the free publications in this list should be made to the 
a | of the Division of Publications, U.S. Department of Agriculture, Washington, 
D.C. Applicants are urgently requested to ask only for those publications in which 
they are particularly interested. he Department can not undertake to supply com- 
plete sets, nor to send free more than one copy of any publication to any one person. 
The editions of some of the publications are necessarily limited, and when the Depart- 
ment’s free supply is exhausted and no funds are available for procuring additional 
copies, applicants are referred to the Superintendent of Documents, Government 
Printing Office, this city, who has them for sale at a nominal price, under the law of 
January 12,1895. Those publications in this list, the Department supply of which is 
exhausted, can only be secured by purchase from the Superintendent of Documents, 
who is not authorized to furnish publications free. 


REPORTS 


*Report of the Director of the Office of Public Roads for 1914. 5c. 
*Report of the Director of the Office of Public Roads for 1915. 5c. 
Report of the Director of the Office of Public Roads for 1916. 
Report of the Director of the Office of Public Roads for 1917. 
Report of the Director of the Bureau of Public Roads for 1918. 


BULLETINS. 


(In applying for these publications the name of the office as well as the number of 
the bulletin should be given, as ‘‘Office of Public Roads Bulletin No. 28.’’) 


*Bul. 28. The Decomposition of the Feldspars (1907). 10c. 

*37, Examination and classification of Rocks for Road 
Building, including Physical Properties of Rocks 
with Reference to Their Mineral Composition and 
Structure. (1911.) 1dc. 

*43. Highway Bridges and Culverts. (1912.) 15c. 

*45 Data for Use in Designing Culverts and Short-span 
Bridges. (1913.) 5c. 

*48, Repair and Maintenance of Highways (1913). 


DEPARTMENT BULLETINS. 


(In applying for these bulletins the name should be given as follows: “ Depart- 
ment Bulletin No. 53,’’) 


*Dept. Bul. 53. Object-Lesson and Experimental Roads and 
Bridge Construction of the U. 8. Office of 
Public Roads, 1912-13. 5c. 

Progress Report of Experiments in Dust Pre- 


vention and Road Preservation, 1913. 


105. 


136. Highway Bonds. 
230. Oil Mixed Portland Cement Concrete. 


Portland Cement Concrete Pavements for Coun- 
try Roads. 

Progress Report of Experiments in Dust Pre- 
vention and Road Preservation, 1914. 

Construction and Maintenance of Roads and 
Bridges, from July 1, 1913, to December 31, 
1914. 10c. 

Methods for the Determination of the Physical 
Properties of Road-Building Rock. 

Relation of Mineral Composition and Rock 
Structure to the Physical Properties of Road 
Materials. 10c. 

Brick Roads. 

Public Road Mileage and Revenues in the 
Middle Atlantic States. 

Public Road Mileage and Revenues in the 
Southern States. 

Public Road Mileage and Revenues in the New 
England States. 

Public Road Mileage and Revenues in the 
Central, Mountain, and Pacific States, 1914. 


249. 
257. 
*284. 


347. 
*348. 
373. 
386. 
387. 
388. 
389. 


390. Public Road Mileage in the United States. A 
summary 

393. Economic Surveys of County Highway Im- 
provement 


407. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1915. 

Convict Labor for Road Work. 

Earth, Sand-Clay, and Gravel Roads. 

The Expansion and Contraction of Concrete 
and Concrete Roads. 

The Results of Physical Tests of Road-Building 
Rock in 1916, including all Compression 
Tests. 

Standard Forms for Specifications, Tests, Re- 
ports, and Methods of Sampling for Road 
Materials. 10c. 

Report on Experimental Convict Road Camp, 
Fulton County, Ga. 

Progress Reports ot Experiments in Dust Pre- 
vention and Road Preservation, 1916. 


OFFICE OF PUBLIC ROADS CIRCULARS. 


(In applying for these circulars the name of the office as well as the number of 
the circular should be given as “Office of Public Roads Circular No. 89.’’) 


414. 
463. 
532. 


537. 


*555 


583. 
586. 





*Department supply exhausted 


Cir. 89. Progress Report of Experiments with Dust Preventa- 
tives, 1907. 
*90. Progress Report of Experiments in Dust Prevention, 
Road Preservation, and Road Construction 1908. 5c. 
*92. Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 


*94, Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1910. 5c. 
*96. Naphthalenes in Road Tars. 1. The Effect of Naph- 
thalene upon the Consistency of Refined Tars. 
2 (9EL:)) be: 
*97. Coke-Oven Tars of the United States. (1912.) 5e. 


98. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1911. 
*99. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1912. 5c. 
*100. Typical Specifications for Fabrication and Erection of 
Steel Highway Bridges. (1913.) 5c. 


OFFICE OF THE SECRETARY CIRCULARS. 


Sec. Cir. *49. Motor Vehicle Registrations and Revenues, 1914. 
C. 

52. State Highway Mileage and Expenditures to Janu- 
ary 1, 1915. 

59. Automobile Registrations, Licenses, and Revenues 
in the United States, 1915. 

62. Factors of Apportionment to States under Federal 
Te Road Act Appropriation for the Fiscal Year 

Me. 

63. State Highway Mileage and Expenditures to Janu- 
ary 1, 1916. 

65. Rules and Regulations of the Secretary of Agricul- 
ture for Carrying out the Federal Aid Road Act. 

72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 

73. Automobile Registrations, Licenses, and Revenues 
in the United States, 1916. 

74. State Highway Mileage and Expenditures for the 
Calendar Year 1916. 


FARMERS’ BULLETIN. 


(The Farmers’ Bulletins are a series of popular treatises issued by the Depart- 
ment of Agriculture. The following list includes only numbers contributed by the 
Office of Public Roads, and should be applied for by numbers, as “ Farmers’ Bul- 
letin No. 239.’’) 


F. B. *239. The Corrosion of Fence Wire. 5c. 
311. Sand-Clay and Burnt-Clay Roads. 
F. B. 338. Macadam Roads. 
*403. The Construction of Concrete Fence Posts. 5c. 
*461. The Use of Concrete on the Farm. 
505. Benefits of Improved Roads. 
597. The Road Drag. 


SEPARATE REPRINTS FROM THE YEARBOOK. 


(In applying for these separates the numbers should be given as ‘‘ Yearbook Sep- 
arate No. 638.’’) 


Y. B. Sep. *638. 
Ei Ga 


State Management of Public Roads; Its Devel- 
opment and Trend. 5c. 

Sewage Disposal on the Farm. 

727. Design of Public Roads. 

739. Federal Aid to Highways. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH. 


5, No. 17, D-2. Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 

Relation Between Properties of Hardness 
and Toughness of Road-Building Rock. 

Apparatus for Measuring the Wear of 
Concrcte Roads. 

A New Fenetration Needle. 

Tests of Three Large-Sized MReinforced- 
Concrete Slabs under Concentrated 
Loading. 

Influence of Grading on the Value of 
Fine Aggregate Used in Portland 
Cement Concrete Road Construction. 
l5c. 

Toughness of Bituminous Aggregates. 

Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentrie 
Concentrated Loads. 


oc. 


Vol. 


Vol. 
Vol. 


Vol. 
Vol. 


5, No. 19, D-3. 
5, No. 20, D4. 
5, No. 24, D-6. 
6, No. 6, D-8. 


*Vol. 10, No. 5, D-12. 


Vol. 10. No. 7, D-13. 
Vol. 11, No 10, D-15. 








*Department supply exhausted. 
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